JOURNAL OF 
AGRICULTURAL 
RESEARCH 


VOLUME 45 


JULY 1-DECEMBER 15, 1932 


ISSUED BY AUTHORITY OF THE SECRETARY OF AGRICULTURE 
WITH THE COOPERATION OF THE ASSOCIATION OF 
LAND-GRANT COLLEGES AND UNIVERSITIES 


UNITED STATES 
GOVERNMENT PRINTING OFFIC! 
WASHINGTON : 1933 














JOINT COMMITTEE ON POLICY AND MANUSCRIPTS 


FOR THE UNITED STATES DEPARTMENT FOR THE ASSOCIATION OF LAND-GRAN'’? 


OF AGRICULTURE COLLEGES AND UNIVERSITIES 
H. G. KNIGHT, CrarrmMan S. W. FLETCHER 
hi au of Chemist Ss Director of Research, Pennsylvania Agri- 
Chief, Bureau of Chemistry and Soils culturel Experiment Station 
F. L. CAMPBELL S. B. DOTEN 
Entomologist, Bureau of Entomology Director, Nevada Agricultural Experiment 
Station 


JOHN W. ROBERTS C. G. WILLIAMS 


Senior Pathologist, Bueau of Plant Director, Chio Agricultural Experiment 
Industry Station 


EDITORIAL SUPERVISION 
M. C. MERRILL 


Chief of Publications, United States Department of Agriculture 


Articles for publication in the Journal must bear the formal approval of the 
chief of the department bureau or of the director of the experiment station from 
which the paper emanates. Each manuscript must be accompanied by a state- 
ment that it has been read and approved by one or more persons (named) familiar 
with the subject. The data as represented by tables, graphs, summaries, and 
conclusions must be approved from the statistical viewpoint by someone (named) 
competent to judze. All computations should be verified. 

Station manuscripts and correspondence concerning them should be addressed 
to 8. W. Fletcher, Director of Research, Pennsylvania Agricultural Experiment 
Station, State College, Pa. 


Published on the first and fifteenth of each month. This volume wili consist of 
twelve numbers and the Contents and Index. 
Subscription price: 
Entire Journal: Domestic, $2.25 a year (2 volumes) 
Foreign, $3.50 a year (2 volumes) 
Single numbers: Domestic, 10 cents 
Foreign, 15 cents 


Articles appearing in the Journal are printed separately and can be obtained 
by purchase at 5 cents a copy domestic; 8 cents foreign. If separates are desired 
in quantity, they should be ordered at the time the manuscript is sent to the 
printer. Address all correspondence regarding subscriptions and purchase of 
numbers and separates to the Superintendent of Documents, Government Printing 
Office, Washington, D. C. 


319480 

















JOURNAL OF AGRICULTURAL, RESEARCH 


Vou. 45 WasuHineTon, D. C., JuLy 1—DeceMBER 15, 1932 


CONTENTS 


A Classification of the Varieties of Field Beans, Phaseolus vulgaris: F. H. 
STeINMETz and A. C. Arny.  Illus_- . 

The Influence of Certain Balanced Rations on the Chemical and Physical 
Properties of Milk Fat: O. R. OverMAN and O. F. Garrett 

The Migration of Bacillus amylovorus in the Tissue of the Quince: HeER- 
BERT A. Wan.. Illus e me 

Some Physiological Studies of Gloeosporium perennans and. ‘Neofabraea 
malicorticis: Erston V. Mruuer. Illus . sia ES 

Macrocentrus ancylivorus Roh., An Important Parasite of the Oriental 
Fruit Moth: G. J. Hagussuer.  Illus___-_- 

Effect of Size of Crown and Length of Cutting Season on Yields of As spara- 
gus: E. 8S. HABER 

The V —° of lodine for Livestock in Central Pe snnsylv ania: E. B. ForsEs, 
GEO. . Karns, 8S. I. Becupet, P. 8S. Wituiams, T. B. Kerrn, E. W. 
C oe and R. R. Murpuy ; ba hid 

The Réle of Nitrogen in the Production of Spots in Wheat Fields: P. L. 
GAINEY and M. C. Sewe.u. Iilus ‘ ete 

Nitrogen Changes Produced in Certain Nitrogenous Compounds by 
we acter and the Nitrogen Fixed in the Presence of pinaueeseeic seinen 
L. THOMPSON, Jr eee es 

The k ffect of the Amount of Feed C onsumed by C attle on the Utilization 
of Its Energy Content: H. H. Mircuetu, T. 8. Hamivron, F. J. Mc- 
Cuiure, W. T. Haines, Jessie R. BEADLES, and H. P. Morris. Illus 

Sturmia tinconspicua Meigen, a Tachinid Parasite of the Gipsy Moth: 
R. T. Wesser. Illus a” : le 

Correlational and Allied Studies of the Protein Content, Water Absorp- 
tion, Loaf Volume, and Loaf Weight of Two Series of Hard Red Spring 
Wheats: L. R. Waupron and C. E. Maneets. Illus : ‘ 

Some Minor Strains of Southern Pine and Hardwood Lumber and L gS: 
T. C. Scuerrer and R. M. LinpGREN_ _- 

The Relation of Agronomic Practice to the Quantity and Quality of the 
Oil in Flaxseed: |. J. Jonnson. Illus hates : 

Relation of Commercial Honey to the Spread of American Foulbrood: 
A. P. Sturtevant. Illus 

Heterothallism and Hybridization in Sphacelotheca sorghi and S. cruenta: 
H. A. RopENutser. Illus 

Physiologic “-_ ution in Puccinia graminis secalis: Ratpu U. Correr 
and Mosgs N. Levine. Iilus : 

Lead Arsenate Pois ming in Chickens: E. F. Tuomas and A. L. SHEALY 

Rose Anthracnose Caused by Sphaceloma: ANNA E. JENKINS. Illus 

A Bacterial Disease of the Tung-Oil Tree: Lucta McCuntocnu and J. B. 
DEMAREE. Illus : i see Seiad ; 

Detecting Pink Bollworms in Cottonseeds by the X Ray: F. A. Fenton 
and Wiis W. Warre. Iilus_- ie cle ad a 

The Effect of ~~ Degree of Slope on 1 Run-Off and Soil Erosion: F. L. 
Dutey and O. Hays. Illus__- sh orteeas 

Deterioration in She lled Green Peas Held a Few Days in “Stor: uze Prior to 
Canning: Z. I. Kerresz and E. L. GREEN 

Life History and Habits of Crested Wheatgrass: L. Dup.tey Love and 
Herpert C. Hanson. Illus ‘ 

Quantity of Milk Obtained from Amputa ited Cow Udders: W. W. Swett, 
Frep W. MI..er, and R. R. Graves. lus. eas 

Composition of Milk Obtained from Amputated Ci Udders: W. W. 
Swett, Frep W. MILueER, and R. R. Graves. ed palin 

The Origin, Development, and Increase of Chloroplasts in | the Potato: 
Winona E. Stone. IIlus_...____-_- ee 


Ill 


101 


111 


129 


149 


163 


193 


209 


233 





Journal of Agricultural Research 
YAY 


Some Nemic Parasites and Associates of the Mountain Pine Beetle 
Dendroctonus monticolae): G. STEINER. Illus 

The Vitamin A, B, C, and G Content of Coneord Grapes: EstHEer 
PeTeRSON Danint and Haze, FE. Munseuu. Illus 

Effect of Carbou Dioxide Content of Storage Atmosphere on Carbohy- 
drate Transformation in Certain Fruits and Vegetables: Erstron V. 
Mituer and CHARLeEs Brooks. Illus 

Rhizoctonia Bottom Rot and Head Rot of Cabbage: F. L. Wetuman. 
Illus 

The Digestive Enzymes of the Colorado Potato Beetle and the Influence of 
Arsenicals on Their Activity: Davin E. Fink 

{ Study of Several Factors in the Separation of Serum from Bottled 
Cream: G. Matcoutm Trovt and J. C. McCan. Illus 

Inheritance of Resistance to Bunt, Tilletia tritici, in Hybrids of White 
Federation and Odessa Wheat: Frep N. Briaas.  [llus 

The Effect of Artificial Drving on the Availability of the Nutrients of 
Alfalfa Hay: E. B. Hart, O. L. Kune, and G. €. HumpHReEY 

\ Cytological Study of Heterothallism in Puccinia coronata: Ruru F. 
ALLEN. Illus 

Some Physiological Studies of Potatoes in Storage: R. C. Wricut. Illus 

Apparent Digestibility of, and Nitrogen, Calcium, and Phosphorus Balance 
of Dairy Heifers on, Artifically Dried Pasture Herbage: R. E. HopGson 
and J. C. Knorr 

An Empirical Test of the Approximate Method of Calculating Coefficients 
of Inbreeding and Relationship from Livestock Pedigrees: Jay L. Lusu. 
Illus 

Oxidation-Reduction Potentials and the Hydrogen-lon Concentration of a 
Soil: L. G. Wiiuis. Illus 

Quality, Size, Capacity, Gross Anatomy, and Histology of Cow Udders 
in Relation to Milk Production: W. W. Swett, Frep W. MiLLer, R. R. 
Graves, and G. T. Creecnu.  Iilus 

Relation of the Semipermeable Membranes of the Wheat Kernel to 
Infection by Gibberella saubinetii: Grack WINELAND PuGH, HELEN 
JOHANN, and James G. Dickson. Illus 

\ Three-Year Study of the Chemical Composition of Grass from Plots 
Fertilized and Grazed Intensively: J. G. Arcuipatp, P. R. NELson, 
and E. BENNETT. Illus 

Comparison of Conformation, Anatomy, and Skeletal Structure of the Cow 
and Bull of a Dairy Breed: W. W. Swett, R. R. Graves, and Frep 
W. Miuuer. Illus 

Efficiency Factors and Their Use ir 
Ratios: W. A. HvELSEN. Illus 

Efficacy of Different Strains of Brucella abortus as Immunizing Agents 
against Infectious Abortion: W. E. Corron - 

Distribution of the Cotton Root-Rot Fungus in Soil and in Plant Tissues 
in Relation to Control by Disinfectants: C. J. King and CLauprE Hope. 
Illus a “ 

Determination of the Errors of Estimate of a Forest Survey, with Special 
Reference to the Bottom-Land Hardwood Forest Region: Francis X. 
ScHUMACHER and Henry Butt. Illus 

Definitions of Honey Color Grades: E. F. Pxiiuipes 


Determining Optimum Fertilizer 





vot 


565 














ERRATA AND AUTHORS’ EMENDATIONS 


Page §&, fifth line from bottom, ‘‘ Red Indian”’ should be *‘ Hidatsa Red.” 

Page 48, Table 5, third column, line 3, “42” should be ‘*47”’; line 4, “46” should be “45.” 

Page 180, fifth line from bottom, “502” should be ** 500’’; and second line from bottom, 500” should be “502.” 
Page 272, Table 4, line 1, under No. 13, ‘‘+2=2” should be “+242.” 


Page 282, sixteenth line from bottom, *‘Seventy-three”’ should be “‘ Seventy-five.” 
Page 323, line 17, *‘ Figure 1, B’ should be “‘ Figure 1, C.”’ 
Page 32%, twenty-second and twenty-third lines from bottom, ‘*(pl. 2, A)’’ should be **(fig. 1, C).”’ 
Opposite page 332, legend for Plate 6, line 7, “‘(fig. 3, B)’”’ should be “*(fig. 2, B)’ ; line 8, ‘“‘ Figure 3, A” 
should be ** Figure 2, A.” 
Page 333, line 21, **(p. 65)”’ should be “*(p. 325 
Page 426, Plate 5 should be turned 180 degrees. 
0.5 3.5 4,175-82,16.99.0 


Page 443, the female formula should be: Female: - 2.4mm. 
0.4 O08 O38 12 0.9 





ge 456, Table 3, column 2, under C Og, *'¢5-47"’ should be “'¢35-47’’; last line of text, “‘starch”’ should be 
‘ polysaccharides.”’ 

Page 618, Figure 5, B, “‘st’’ should have been inserted in the upper left-hand corner. 

Page 619, legend for Figure 6, D, last line, **350’’ should be ** 467.” 

Page 628, seventh line from bo.tom, *‘form’’ should be “farm.” 

Page 682, Table 2, mean phosphorus efficiency faccor for the series 020- 021-022-024 in sixth column under 
Green sweet corn, **18.10+2.0,’’ should be ‘*18.10+-2.2.”’ 





Page 688, Table 4, potash efficiency factor for treatment 112, **27.63-46.3,"’ should be “'27.63-+6.4. 





Page 691, Table 5, nitrogen efficiency factor for treatment 122 under Edible green sweet corn, “*25.95+9.8, 
should be **25.95+-9.3.”" 
Page 696, Table 7, under Green sweet-corn fodder, the mean increase in yield for uhe series 012-]12-212-412, 


‘*23.79+27,"’ should be “* 23.7942 


7 

Page 702, second line of last paragraph, formula in parenthesis **(7.5-5-64-50)”’ should be *‘(7.5-64-50).” 
Page 706, second line from bottom, insert *‘local’’ between ‘‘the’’ and ‘‘reactions.” 

Pages 714 and 715, footnotes to Tables 5 and 6, reference marks *‘e’’ and **c’’ should be reversed. 

Page 721, heading for Table 9, ‘‘a virulent’’ should be ‘‘an avirulent.’’ 

Page 724, twency-first line from bottom, insert *‘to”’’ between “‘abortus’’ and ‘* bovine.” 
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A CLASSIFICATION OF THE VARIETIES OF FIELD BEANS, 
PHASEOLUS VULGARIS! 


By F. H. Srernmetz, formerly Assistant Agronomist, and A. C. Arny, Associate 
Agronomist, Minnesota Agricultural Experiment Station 


INTRODUCTION 

Several classifications of both European and American varieties of 
field beans are available, but up to the present none deal specifically 
with species of Phaseolus and varieties of P. vulgaris L. grown for 
their dry edible seeds. The field-bean-growing sections are somewhat 
localized in the New England, the North Central, and the Pacific 
Coast States ranging from Oregon to southern California and Arizona. 
Since the range in climate between any two extremes of the above- 
mentioned sections is wide, it follows that varieties grown in one ex- 
treme are not always adapted to another. The choice of a variety 
adapted to local conditions affects directly the yield and profitable- 
ness of the crop; hence the choice of a variety for a given locality 
merits careful consideration. However, in order to be able to make 
this choice, the identity of types and varieties must be established 
with certainty. There is need, therefore, for a classification of field 
varieties by the use of which the identity of the varieties may be 
definitely established. It is the purpose of this study (1) to determine 
a practical basis for the classification of field varieties of common 
beans, (2) to construct a key based largely upon characters that are 
stable under varying climatic conditions so that it may be of value 
wherever beans are grown, and (3) to describe the varieties as found 
when grown in the environment of University Farm, St. Paul, Minn. 


REVIEW OF LITERATURE 


Von Martens (10)? published his second revised classification of 
garden beans in 1869. He did not distinguish garden beans from 
field beans. In his classification the common beans (Phaseolus 
vulgaris) are separated into seven species according to the shape of 
the seed. A secondary division is based upon the color of the seeds. 

In 1865 Burr (3, p. 434-481) described 56 varieties of Phaseolus 
vulgaris. Eight of these appear to be field varieties recognized at 
present. 

Irish (7) described all obtainable varieties from cultures grown at the 
Missouri Botanical Garden in 1901. His key to varieties is based 
primarily on the form and color of the seed. For secondary divisions 
he uses plant and immature pod characters. 

The use of dry seeds and green pods is impractical for the reason 
that the immature pods can not be stored conveniently for future use 
in identification. The reliability of absolute measurements may, at 
least, be questioned. However, the combined use of seed, pod, and 
type of plant is a step toward what undoubtedly will become a 


1 Received for publication Dec. 28, 1931; issued August, 1932. Paper No. 1070 of the Journal Series of 
the Minnesota Agricultural Experiment Station. : 
? Reference is made by number (italic) to Literature Cited, p. 49. 
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comprehensive basis for the identification of varieties. Irish states 
that the variety Navy is largely grown as a field crop. 

In 1907 Tracy (13) described American varieties of garden beans, 
Phaseolus, within three species—vulgaris, lunatus, and multiflorus. 
His major divisions are based upon plant habit and character of green 
pod. A secondary division is based upon form, size, and color of the 
dry seed. He includes varieties of field beans. In his key the 
varieties of field beans are set apart according to texture of the green 
pod. 

Tracy has made a fairly clear distinction between field and garden 
varieties of common beans based upon the texture of the green pods. 
However, when this comparison is extended to the dry mature pod 
the distinction becomes more apparent. Dry pods of field beans are 
fibrous and dehisce at the sutures, while the dry pods of good varieties 
of garden beans are brittle, contain relatively little fiber, and break in 
cross section rather than dehisce at the sutures during threshing. 
The terms ‘‘thick stemmed” and ‘‘thin stemmed” are too indefinite 
to be of value in placing plants with stems intermediate in thickness. 
Tracy refers specifically to 12 varieties as field beans in his descriptions. 

Jarvis (8) described American varieties of beans, which he separated 
into three species of the genus Phaseolus and four other genera— 
Vicia, Vigna, Dolichos, and Glycine. He utilizes color and form of 
seed, but bases his major classification upon size of seed and the ratio 
of the length to the width. In his descriptions he groups varieties of 
Phaseolus according to the type of the plant and the pods. 

In the exclusive use of seed characters for the classifications of 
varieties Jarvis makes many distinctions so minute as greatly to 
lessen the practical usefulness of his key. The combined use of seed, 
dry pod, and plant habit in a key would appear to facilitate greatly 
the identification of varieties. In his key he makes no separation of 
garden varieties and field varieties. However, in his descriptions he 
points out whether a variety is suited for green-pod or for dry-shell 
purposes. He refers specifically to 21 varieties as field types. 

In 1912 Freeman (5) described six native field varieties of Phaseolus 
vulgaris, namely, Pink, Bayou, Hansen, Garaypata, Red Indian, and 
Mottled Red Indian. In addition, he first describes the tepary bean, 
P. acutifolius var. latifolius as a new field species. There is incor- 
porated a detailed discussion of the origin of this new species. He 
concludes that it is a native of the southwestern part of the United 
States or Mexico. He adopts the name ‘“‘tepary,”’ which the Mexicans 
use to distinguish it from the common ‘“‘frijole” or kidney bean. 
Three varieties of ‘‘teparies’’ are described, but he states that as 
many as 49 distinct forms are recognized. 

In 1912 Hendry (6) described 16 varieties of field beans adapted to 
California, representing four genera—Vigna, Vicia, Cicer, and Phase- 
olus. He gives the history and the adaptation of the varieties de- 
scribed. 

In 1919 Chittenden (1) grew 253 stocks of beans of which 224 are 
described as dwarf or nonclimbing types. The remaining 29 climbers 
or semiclimbers are not described. 

The method used is undoubtedly valuable as a convenience to 
growers and seed producers but is limited in usefulness because 
flowers and green pods are available only during a part of the growing 
season. 
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MATERIALS AND METHODS 


As early as 1914 a collection of seed of varieties of field beans was 
begun. Seed from the bean-growing sections of the United States and 
Canada was obtained through seed houses, growers, and experiment 
stations. An effort was made to obtain seed of the main varieties 
grown in each of the bean-growing sections of the United States, 
namely, the New England, north central, Pacific coast, and south- 
western sections. In addition, a few samples were obtained from 
Sweden and France. The growing of these variet’: began in 1915. 
Intensive work toward isolating types began with the harvesting of 
the 1918 crop. 

From the beginning the beans were planted in rows 18 feet long and 
2 feet apart with one seed dropped every 3 inches. In order to fix 
the type for a given variety, commercial seed was planted in rows as 
described above. At harvest time typical and nontypical plants were 
selected and the seed planted in progeny rows for observation and 
increase. The rows having plants which were the most representative 
of a certain variety were chosen as the type. Other rows representing 
other types in the original sample were continued if they were suffi- 
ciently distinct. From the type rows the one showing the best per- 
formance record was increased, given a Minnesota number, classified, 
and described. 

It is recognized that some natural crossing occurs in beans when 
varieties are grown near each other. The only effort made to control 
the effects of this was to rogue out plants which varied from the 
selected type. 

During three years of the study, when it was possible, 100 pods were 
selected from the various types at harvest time and stored in small 
pasteboard boxes. These pods were measured, the length and width 
of pod and the length of spur being taken. From the same material 
the number of seeds per pod was determined and the three dimensions 
of 100 seeds were obtained. The weight per 1,000 seeds was deter- 
mined from the bulk of the seed which was harvested from each row 
or plot. The seeds were counted into two lots of 500 each for weighing. 

Weights and measurements of the seeds of varieties are given in 
Tables 1-4, inclusive. 


EFFECT OF ENVIRONMENT UPON SIZE OF SEED 


Among the factors affecting the size of the seed. are temperature, 
moisture, productivity of the soil, rate, and date of planting. 

Freeman (5), Jarvis (8), and Hendry (6) use size of seed in their 
descriptions of varieties and they report the measurements of three 
dimensions. Zavitz (14) and Freeman (5) give weight of seed as a 
descriptive character. A summary of the measurements and weight 
of seed reported for a few varieties of beans grown in different localities 
is shown in Table 1. By comparing the measurements recorded it 
will be seen that marked variations occur. For example, the length 
of seeds in different years for the variety Red Kidney ranges from 
1.8 cm in New York to 1.4 cm in California. The weight per 1,000 
seeds for different years as reported by Zavitz and by the present 
writers for the variety Red Kidney shows a wide variation in size. 
A study of this table indicates that a classification based mainly upon 
-_ = seed may well be questioned, except possibly for a particular 
ocality. 
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It was arranged to have some of the bean varieties grown at out- 
lying stations in Minnesota; that is, at Crookston, Grand Rapids, 
Duluth, Coon Creek, and Radisson. By the use of the seed produced 
at these locations a study was made of the effect of environment upon 
size. From the results given in Table 2 it is evident that for two 
varieties grown in 1920 there is a wide variation in the size of the seed. 
Robust beans were approximately 40 per cent smaller by weight 
grown on peat at Radisson * than at Grand Rapids on a sandy loam. 
The difference is not so marked between any other two localities, 
but it is great enough to make it questionable whether a useful 
classification of Robust beans for different localities or environments 
can be based upon the size of the seed. The seed of the variety 
Improved Goddard grown at Crookston is approximately 30 per cent 
by weight less than seed grown at Grand Rapids. The above 
evidence indicates that the size of the seed produced from the same 
varieties is materially affected by the locality in which it is grown. 

At University Farm, St. Paul, Minn., some work was done upon 
rate and date of planting. The results are given in Table 3. The 
seeds produced in 1920 from Robust 76 beans planted late are smaller 
in size than those planted at the regular time, and those spaced far 
apart in rows are larger than those planted close. For example, 
Robust beans planted May 12 weighed 233 g per 1,000 and those 
planted May 22 weighed 212 g per 1,000, while the late planting, 
June 22, weighed 204 g per 1,000. It appears, therefore, that date 
of planting influences the size of seed produced. The other factor, 
rate of planting, gave similar results. Robust beans planted 4 
inches apart in rows produced seed weighing 218 g per 1,000, while 
beans planted 8 inches apart produced seed weighing 244 g per 1,000. 


TABLE 2.—Variation in size of seed of beans cf two varieties grown in different 
localities in 1920 


| | Ratio 


| | Thick- | Weight 
| 7 Thick- 
rw } zs ; Length | Width i ness, per 
Variety Locality of seed | of seed | BESS Of Thiek.| Width | 1,000 
see | Length | Width uCK-| factor | seeds 
ness 
| Centi- | Centi- | Centi- | 
} meters | meters | meters Grams 
Robust No. 76._.| University Farm 0.840 | 0. 584 0. 480 1 0.695 | 0. 571 0. 822 176.8 
Duluth - . . 849 . 625 . 508 l . 736 . 598 . 813 185. 8 
Crookston - . 893 . 651 . 5389 1 . 739 . 603 . 828 205, 2 
Grand Rapids. --. . 872 . 682 . 564 1 782 . 647 . 827 236. 2 
Coon Creek, sand- . 840 . 577 . 452 1 687 539 . 783 157.4 
| Radisson, peat - . 785 . 569 . 446 1 725 568 . 787 133. 0 
Improved God- | Duluth. . 1. 603 . 798 . 593 1 498 369 743 529.0 
dard No. 139. 
Crookston . 1. 522 . 727 . 565 ] .477 . 371 .777 380. 8 
Grand Rapids__..) 1.615 . 818 . 604 1 . 507 . 374 . 738 550.0 
University F. rm 1. 529 . 765 . 534 | | . 500 . 349 . 698 435. 7 


§ Private farm near St. Paul, Minn. 
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TaBLE 3.—Variation in size of seed of Robust No. 76 beans grown at University 
Farm when planted at different rates and dates in 1920 


Thick Ratio Thick- | Weight 
Date of aes ° Length Width cata ness, per 
planting Rate of planting of seed | of seed — Thick-| ¥ idth | 1,000 


Length | Width | factor | seeds 


ness 
Centi- | Centi- | Centi- 

meters | meters | meters Gra ms 

May 5. 1seed each 4inches 0.935 | 0.662) 0. 551 1 0.708 | 0.589 | 0. 832 217.7 
5 | 1 seed each 8 inches ‘ . 949 . 673 . 559 1 . 709 . 589 . 831 243. 8 

May 12) 1 seed each 3 inches . 945 . 677 . 562 l . 716 . 594 . 830 233. 0 
22 do . 924 . 645 . 527 1 . 698 . 570 . 817 211.6 

June 22 -do . 901 . 651 . 597 1 723 | . 597 . 826 204. 4 


The growing season of 1919 was favorable throughout at University 
Farm, but the season of 1920 was less so. Until about July 10 there 
was heavy precipitation, but during the remainder of the growing 
season rainfall was scant. The crop of beans produced was = 
differently during its development in the two seasons mentioned, 
seen in Table 4. Robust beans produced in 1919 weighed 227 g per 
1,000, while seeds of the same variety produced in 1920 weighed 177 g 
per 1,000. The variety Improved Goddard does not show similar 
variation. Seeds produced by this variety in 1919 weighed 434 g per 
1,000, while seeds produced in 1920 weighed 436 g per 1,000. The 
variety Improved Goddard is an early type, while the variety Robust 
matures approximately two weeks later when planted at the normal 
date. At University Farm, Robust beans matured uniformly when 
planted as late as July 1, while Snowflake beans were nonuniform in 
maturity. It is probable that Improved Goddard matured before 
the drought had progressed far enough to hinder normal development, 
whereas Robust was hampered by the drought. The Robust beans 
grown on a very sandy soil at Coon Creek in 1920 weighed 157 g per 
1,000. These were checked in development by the drought. From 
the evidence given it appears that seasonal variation may be great 
enough to make it impossible to base a classification of beans upon size 
of seed with the expectation that it will be of use over a period of 
years or in widely different locations. 


CHARACTERS USEFUL IN CLASSIFICATION AND DESCRIPTION 


The observations here reported are based upon three years’ work 
at University Farm. 
SEEDLING CHARACTERS 


” 


The term ‘‘seedling leaves’’ as here used refers to the first pair of 
leaves above the cotyledons. The size of seedling leaves produced is 
closely correlated with the size of the seed. 

TaBLeE 4.—Variation in size of two varieties of beans grown at University Farmin 


1919 and 1920 


Ratio Thick- 


_ - Thick- Weight 
Variety Year Le net h Width ness of ness, per 1,000 

of seed | of seed seed Sa Thick- | Width seeds 

Length | Width ness factor 
Centi- | Centi- | Centi- 

meters meter meter Grams 
. : ’ ' ‘ f 1919 A — | 0.797 0. 539 l 0. 504 0. 341 0.710 433.8 
Improved Goddard, No. 139-/) i999 | 1.529] .765| .534 1} .500| .349| .698| 435.6 
8 To) 7h j 1919 ‘ 912 | . 669 . 567 1 . 733 . 622 . 847 227.1 
Robust No. 76 \ 1920 840) 584). 480 1} .695| .571| .822| 176.8 
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Color of seedling leaves and stem is correlated with color of seed 
coat. In the brown-seeded varieties the stem is tinted brown, es- 
pecially close to the surface of the soil. The same color distribution 
is true of red-seeded varieties. In the solid black or black mottled 
varieties under observation a purple tint extends into the veins of 
the seedling leaves. In all except the solid black or black mottled 
varieties the color soon disappears. However, in the latter group 
the purple color remains until maturity, especially in the stems. 
There are varying shades of green, but this occurs in both white- 
seeded and colored-seeded varieties. The tepary and Lima beans 
have distinctly dark green seedling leaves. The usefulness of this 
character is merely supplementary in description. 

Freeman (5) has pointed out that the length of seedling-leaf petiole 
is an easy method of distinguishing tepary beans from common 
beans. The petiole is very short in the former and considerably 
longer in the latter. 

The character of the seedling-leaf surface is useful in identifying a 
few varieties of the common field beans. The seedling-leaf surface 
in a majority of the varieties is smooth. However, there are marked 
gradations of smoothness, ranging from smooth in Navy Pea to 
very wrinkled in Vineless Marrow. The latter variety is readily 
distinguished by this character from White Marrow, a long trailing 
variety having seeds similar in size and appearance. 

Pubescence of the seedling leaf surface is useful largely in distin- 
guishing species of the genus Phaseolus. Varieties of the species 
acutifolius and lunatus have glabrous leaf surfaces while varieties of 
vulgaris and multiflorus have pubescent leaf surfaces. 

Seedling characters are of limited value in the identification of 
varieties. 

CHARACTERS OF THE WELL-DEVELOPED PLANTS 
Hasit oF GRowTH 


In habit of growth bean plants may be classified as bush (fig. 1) 
and trailing (fig. 2). The latter range from short to long trailing, 
while the former have less range in height due to their habit of growth. 

Bush beans are characterized by a determinate growth habit. 
The plants are erect and have from five to eight nodes in the main 
axis and terminate in an inflorescence. Emerson (4), p [4] gives the 
characteristics of bush beans as follows: 

The main axis is terminated by an inflorescence when from about four to eight 
internodes have developed and can not be forced to make further growth tho 


provided with the most favorable conditions of moisture and temperature, and 
even tho the flowers be removed to prevent the drain of seed production. 


He believes that the common bush bean is a mutation from the 
pole bean. 

Trailing beans have an indeterminate habit of growth. The plants 
range from erect (fig. 3) to decumbent (fig. 4) in habit. They may 
also be grouped as short and long trailing. The short-trailing forms 
have from 11 to 16 nodes, while the long-trailing forms may have as 
many as 28 or 30. The first flower clusters appear rather near the 
base of the stem and the others progressively higher as new nodes 
are formed. Emerson (4) found that if favorable conditions for 
growth are provided and if heavy seed production is prevented, pole 
beans can be kept growing for a long time. 
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HEIGHT 
Height obviously is determined by number of nodes and internode 
length. Some trailing varieties have long internodes, others have 
short ones. For example, White Marrow, in 1920, had an average 
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FIGURE 1.—Bush habit of Improved Goddard 


of 17 nodes with an internode length of 7.8 em, while Red Indian 
had the same number of nodes with an average internode length of 
4 cm. There appears to be a similar variation in bush varieties. 
For example, in 1920, Red Kidney had an average of 7 nodes with an 
internode length of 6.4 em, while Selection No. 90 had an average of 
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6 nodes with an internode length of 5.7 em. Emerson (4) reports 
the existence of distinct types of bush beans with respect to both 
number and length of internodes. He found this to hold for pole 

















FIGURE 2.—Trailing habit of the Navy Pea, variety Robust 


beans. Data reported in this study were taken when the plants had 
reached approximately their maximum height. The measurements. 
were taken of representative plants and recorded in centimeters. 
The number of nodes was determined by averaging the actual count 
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of 10 representative plants. Both of these determinations were 
made for the years 1919 and 1920. 
Cotor or LEAVES AND STEMS 


The color of fully developed leaves and stems in the majority of the 
varieties is green throughout. However, in some dark-seeded varie- 

















Figure 3.—Erect trailing habit of Black Turtle Soup 


ties, such as Black Turtle Soup, Zebra, and Selection No. 121, the 
stems are tinted purple. These same varieties have dark-green 
leaves. On the other hand, Lady Washington, a white-seeded variety 
has dark-green leaves. Consequently there appears to be no correla- 
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Figure 4.—Decumbent habit of Great Northern 
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tion between the intensity of green color of the leaf and the color of 
the seed. 

S1zE AND SHAPE OF LEAVES 


The size of the mature leaf varies closely with the size of the seed. 
On a single plant, leaves vary from small near the growing tip to 
large where they are fully developed. Previous writers have used 
size of the leaf in the description of varieties. Irish (7) gives the size 
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FIGURE 5.—Fully developed leaf of the Navy Pea, variety Robust 


in actual measurements while Tracy (/3) and Jarvis (8) use such 
general terms as large, medium, and small. Freeman (5) gives 
averages of 100 mature leaves taken at random for length and breadth 
to show that tepary leaves are smaller than common bean leaves. 
Hendry (6) tabulates length and breadth dimensions for the median 
leaflet of the varieties grown in California. The use of absolute 
measurements in the description of varieties with a species appears 
to be impractical because of the wide variation in size of the leaf on a 
single plant. In these descriptions all determinations of size were 
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made on fully developed leaves of the variety concerned. The leaf 
shown in Figure 5 is described as small, that shown in Figure 6 as 
medium, and that shown in Figure 7 as large. 

Mature leaves vary in shape and character of the surface. The leaf 
shown in Figure 5 is described as small and short pointed, that shown 
in Figure 6 as medium and long pointed, and that shown in Figure 8 




















FIGURE 6.—Fully developed leaf of the variety Ruby Horticultural Bush 


as broad and short pointed. Mature leaf surfaces are referred to as 
crumpled (fig. 9) and as smooth (fig. 8). 


CoLor oF FLOWERS 


Color of blossom was determined by careful comparison of newly 
opened flowers with the colors of a standard chart (1/2). Since there 
is a variation in color in the different parts of the corolla, the color 
was determined for the standard and the wings. Previous writers 
have recognized color of blossom, but have usually described it in 
general terms such as “pink” or “violet.”” Tracy (13) refers to the 
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use of a color chart published by Henri Dauthenay, but does not give 
specific citation to color plates. 

















FIGURE 7.—Fully developed leaf of the variety White Marrow 
Time oF Maturity 


Time of maturity is of considerable economic importance, for the 
length of the growing season limits the growing of some types of 
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beans which are late in maturing. In identifying varieties otherwise 
similar in seed and plant characters, the time of maturity is of decided 
importance. For example, Snowflake and Robust have seed and 
plant characters which are similar, but the former matures approxi- 
mately two weeks earlier than the latter when planted at the normal 
date. Time of maturity as referred to in this study applies to environ- 
mental conditions as they are at University Farm. 

















FIGURE 8.—Fully developed leaf of the variety Arikara Yellow 
PRODUCTIVENESS 


As a descriptive character productiveness undoubtedly merits 
consideration. Jarvis (8) and Tracy (1/3) use comparative terms to 
express yields of green snap pods. Hendry (6) and Freeman (4) give 
yields in tabular form showing the relative yielding power of the 
varieties described in their localities. Data on yielding power are of 
necessity restricted to a given locality. In this discussion four 
degrees of comparison are used, namely, low, medium, productive, 
and very productive. In the majority of cases these comparisons 
are based upon plot tests (8 by 18 feet) repeated four times over a 
period of three to four years. 
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DisEASE RESISTANCE 


Disease-resistance data are reported for the crop years 1919, 1920, 
and 1922. Anthracnose (fig. 10) was the most serious disease 
prevalent. Leach (9) found at least eight distinct biologic forms of 
this disease. The data are based upon injury to the green pods. It 
is apparent from the figures shown that there is a wide variation in 
the susceptibility of varieties to anthracnose. Blight (fig. 11) was 
less prevalent, and notes were taken on its development only on the 
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FIGURE 9.—Fully developed leaf of the variety Eureka 


green pods. Leaf rust occurred on several of the late-maturing 
varieties in 1919 and 1921. (Fig. 12.) Under the rather humid 
condition which prevailed throughout the growing season of 1919 
anthracnose did considerable damage, but the rather dry growing 
season of 1920 apparently checked its development. 


POD CHARACTERS 


Characters of the pods are not influenced so much as the vegetative 
parts by the environment and therefore are more useful in distinguish- 
ing varieties. 
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FIGURE 10,—Anthracnose on dry pods of Hidatsa Red (1), Vineless Marrow. (2), Ruby Horticul- 
tural Bush (3), Robust (4), and Black Turtle Soup (5) 





























FIGURE 11.—Pods of Red Kidney showing blight injury 
134657—32——_2 
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FIGURE 12.—Leaf-rust pustules on upper and lower leaf surfaces of beans 




















FiGure 13.—Colored mature pod of Selection No. 148 (1) and color- 
less mat™re pod of Arikara Yellow (2) 
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CoLor 


Many varieties develop a characteristic pod color just as they 
approach maturity. Selection No. 148, for example, shows very 
marked purple-splashed areas (fig. 13) which are permanent, while 
Red Kidney (fig. 14-1), 
which often has red-tinged 
areas on the immature 
pods usually shows no co!- 
or in the dry mature state. 
Great Northern, a white- 
seeded variety, often de- 
velops purple-splashed 
areas which are permanent. 
Color in pods is described 
as found at the period ap- 
proaching maturity. Ob- 
servations in these cultures 
indicated no _ consistent 
correlation between pod 
color and other coloration 
in the plant. This is in 
accord with the findings of 
Shaw and Norton (11). 





SHAPE 


Shape of pods has been 
used in descriptions by 
Irish (7) and Tracy (13). 
The formerintroduces into 
his classification shape of 
pods as seen in lateral 
view, while the latter in- 
troduces the shape of pod 
as seen in cross section. 
Both of these workers 
considered the pod as found 
in the immature condition. 
Since pod characters are 
rather fixed, both lateral 
and ventral views are used 
in this classification. In 
the lateral view pods are 
described as long and 
straight (fig. 15-1), short 
and straight (fig. 15-3), & 
yng and’ curved (fig: 15- PSUR Seiection 9 (showing tapering pod spices 
79 * ’ a” 


15-4), and as curved at the free end and reflexed at the stem end 
(fig. 15-5). In ventral view the pods are referred to as flat (fig. 16-2) 


and as rounded (fig. 16-1). Pods which are broad in ventral view i 
are described as rounded. 
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TEXTURE 


Mature pods of field beans vary in texture from coarse, thick, and 
fibrous to thin, papery, and fibrous. The coarse type is represented 
by Vineless Marrow (fig. 17-1) and the papery type by Great North- 
ern (fig. 17-2). 





2 3 4 5 


FIGURE 15.—1, Long, straight pod of Red Kidney; 2, long curved pod of Haricot; 3, short straight 
pod of Selection 109; 4, short curved pod of Brown Swedish 144; 5, pod curved at free end and re- 
flexed at stem end of Selection 162 











LENGTH AND WIDTH 


Length and width of pod have been used in descriptions by previous 
writers. The general terms “long” and “short” are employed. 
Tracy (13) gives approximate length in inches of snap pods. Hendry 
(6) tabulates pod dimensions in length, breadth, and thickness. In 
the present descriptions it seemed desirable to present actual meas- 
urements for length and width of the dry mature pods made with a 
caliper to tenths of a centimeter. Length was measured from the 
tip of the spur to the juncture of the pod and the pedicel. 
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Width was measured at the widest axis, which was found to be at 
approximately the second seed from the spur. Pods measuring 0.9 
em or less in width are considered narrow and all over 1.1 cm as 


wide. Pods with widths in 
between these arbitrary 
limits are considered in- 
termediate. 

APEX 


Pod apex as used in these 
descriptions is that portion 
of the pod between the base 
of the spur and the point 
where the pod begins to 
taper toward the free end. 
Apparently previous writers 
have not distinguished be- 
tween pod apex and spur. 
For example, in describing 
the pod of White Kidney, 
Tracy (13) uses the expres- 
sion ‘‘point of pod medium 
in length and straight,” 
while Jarvis (8) uses the ex- 
pression ‘“‘moderately stout 
straight point.” From these 
quotations it seems that it 
can be safely inferred that 
they had reference to the 
pod spur. Differences in 
pod apex may readily be 
seen by examining the apex 
of Selection No. 90 (fig. 
14-2) which tapers off grad- 
ually toward the spur, while 
in Selection 109 the apex 
tapers off rather abruptly 
toward the spur (fig. 15-3). 
The former type of apex is 
described as elongated and 
the latter as abrupt. 


Spur 


‘ 


The term ‘‘spur”’ as used 
in these descriptions refers 
to the narrow projection at 
the free end of the pod be- 
ginning where the pod ceases 
to be hollow. This point 
was determined in order to 
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FIGURE 16.—Rounded pod of Vineless Marrow (1) and flat 
pod of Pearce Improved (2) 


have a somewhat definite point from which to measure the length of the 
spur. When the spur extends in line with the ventral suture, it is de- 
scribed as marginal. (Fig. 15-3.) When it extends from a point not 


in line with the ventral suture, it is described as not marginal. 


(Fig. 
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15-1.) Spurs are curved (fig. 15-3) or straight (fig. 15-1). Straight 
spurs are those which extend approximately in a straight line with 
the longitudinal axis of the free end of the pod. Curved spurs are 
those which bend away from a straight line with the longitudinal 
axis of the free end of the pod toward the dorsal suture. 





DRY-SEED CHARACTERS 


Dry seeds are used 
exclusively in Jarvis’s 
(8) key for the classi- 
fication of American 
varieties of beans. 
All writers have given 
seeds a prominent 
place in description, 
which is in accord 
with the practice 
reported in this 
study. 


Size 


Size of the dry seeds 
as reported in this 
discussion isexpressed 
in their three dimen- 
sions and number of 
seeds per 1,000 g. 
Each measurement 
was taken with a mi- 
crometer at the broad- 
est axis and read to 
0.01 mm. The meas- 
urements reported in 
this study are largely 
based on 100 determi- 
nations. In the ma- 
jority of cases the 
weighings represent 
the actual weight of 
1,000 seeds. All 
weighings were made 
FIGURE 17.—Coarse pod of Vineless Marrow (1) and thin, papery pod of ons No. 17 Troemner 

: Great Northern (2) ‘ balance. 














SHAPE 


Shape of dry seeds has been recognized by the majority of writers 
as a characteristic of value in classification. Von Martens (1/0) 
based his major groups upon shape, while Jarvis (8) recognized work 
done by Gilmore at Cornell in grouping field beans into four market 
groups, namely, kidney, marrow, medium, and pea. In the present 
classification seeds are grouped as reniform (fig. 18-1, 2) and not 
reniform (fig. 18-3 to 6, inclusive). In cross section the seeds are 
described as flat (fig. 19-1, 2), intermediate (fig. 19-3, 4), and round 
(fig. 19-5, 6). From the measurements taken a single factor was 
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derived by dividing the thickness by the width to designate whether 
the seeds were flat, intermediate, or round. Those with a thickness 
factor less than seven-tenths are classified as flat, those falling between 
seven-tenths and eight-tenths are grouped as intermediate, and those 
with a factor of eight-tenths or over are designated as round. In the 
descriptions of a few varieties seeds are described as oval (fig. 18-3) 
and as spherical (fig. 18-4). The ends of seeds are described as round 
(fig. 18-2, 4) and as truncated (fig. 18-5 and 6). 
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FIGURE 18.—Bean seed of the following varieties: FiGuRE 19.—Bean seed and cross sections of the fol- 
1, Black Turtle Soup; 2, Lmproved Goddard; lowing varieties: 1, Haricot; 2, Great Northern; 3, 
3, Vineless Marrow; 4, Eureka; 5, Pearce Im- Burlingame; 4, Selection No. 106; 5, Vineless Marrow; 
proved; 6, Wild Goose 6, Eureka 


CoLor 


Color of dry seeds has been used to distinguish varieties by Von 
Martens and others. Chittenden (1) at Wisley places seed color 
second to pod texture in classifying Dwarf French beans. All writers 
have recognized color in a general way, but Freeman (5) was the first 
to give specific citations to a standard color chart. In these descrip- 
tions beans are arranged in two main groups with respect to color, 
namely, those with solid-colored seed coats (fig. 20) and those with 
patterned seed coats (fig. 21). All color types of beans may have 
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eye markings. The ‘‘eye”’ as referred to in these descriptions is that 
small colored area surrounding the hilum and above the caruncle, as 
shown in Figure 22-4. Eyed varieties frequently have a narrow ring 
immediately surrounding the hilum. This is referred to as the 
hilum ring. Eyes may be patterned, as in Old Fashioned Yellow Eye 
(fig. 22-1), in which the eye is defined by an outer snuffbrown ring. 
At each end of the hilum there is a Roman-ocher colored area, and at 
each side of the hilum there is a white area which frequently connects 
up with the white body color of the seed coat. Color patterns are 
distributed throughout the en- 
tire seed coat or are localized in 
an area of varying size surround- ale 
ing the eye. Beans with fully , 
patterned seed coats are of three 

types, namely, those showing 
longitudinal stripes (fig. 21-1), 
those showing less definitely de- { 
fined color areas (fig. 21-4), and 

those with definitely defined 
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FIGURE 20.—Solid-colored seed coats of beans of FIGURE 21.—Patterned seed coats of beans of the fol- 
he following varieties: 1, White Kidney; 2, lowing varieties: 1, Zebra; 2, Hansen; 3, Improved 
Brown Swedish; 3, Black Turtle Soup; 4, Red Goddard; 4, Selection 148; 5-6, Mottled Red 
Kidney Indian 


color areas (fig. 21-5). Beans with color patterns surrounding the eye 
are of two types those showing one color (fig. 22, 1 and 2) and those 
showing two colors. 

The margins of the patterns surrounding the eye vary in extent 
and in definiteness. (Fig. 22.) All color determinations as herein 
reported were made by comparing fresh, fully mature, dry seed with 
the colors of a standard chart (12). In a study of garden beans 
Shaw and Norton (/1) point out that there is no consistent correlation 
between color of seed coat and color of flowers, which is in accord 
with the findings of this study of field beans. 
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SUMMARY OF CHARACTERS USEFUL IN CLASSIFYING FIELD BEANS 


1. The glabrous leaf character serves to distinguish Phaseolus lunatus and P. 
acutifolius A. Gray var. latifolius G. F. Freeman from P. multiflorus Willd. 
and P. vulgaris L. 
2. Radiating lines from the hilum and shape and size of seed permit differentia- 
tion between P. lunatus and P. acutifolius var. latifolius. 
3. Tuberous roots characterize P. multiflorus and a taproot with branches char- 
terizes P. vulgaris. 
4. The seedlings of P. multiflorus do not carry the cotyledons aboveground, 
whereas the seedlings of vulgaris do. 
5. The following characters may be used in classifying varieties of the common 
field bean: 
a. Habit of growth of the plants, bush or trailing. 
b. Number and length of internodes. 
c. Character of leaf surface. 
d. Color of flowers. 
e. Time of maturity. 
f. Pod shape, texture, and 


or 





color. 
g. Pod dimensions, width 

and length. é) 
h. Position, length, and . 


shape of spur. 
i. Dry-seed characters 
shape, size, color of seed 2 
coat, presence or ab- 1 
sence of eye markings, 
and color of eye. 
6. The following vegetative charac- 
ters may be used in describing 
varieties: 


a. Size, shape, color, and a 
character of surface of 
seedling leaves. ’ 
b. Color of mature leaves , 


and stems. 

c. Size and shape of mature 
leaves. 3 
CLASSIFICATION AND DE- 
SCRIPTION OF FOUR OF THE 
ECONOMIC SPECIES OF THE FIGURE 22.—Eyes of beans of the following varieties: 
GENUS PHASEOLUS 1, Patterned eye of Old Fashioned Yellow Eye; 2, 


fal * Us . : Improved Yellow Eye; 3, mottled eye pattern of 
[he varieties of beans grown China Red Eye; 4, Long Yellow 


in the United States for human 

food either in the form of immature pods containing the partially 
developed seeds, for shell beans or for the dry seed, are very largely 
included in four species of the genus Phaseolus. .The four species 
may be classified as follows: 











A. Leaves glabrous. 
B. Seeds with conspicuous lines radiating from the hilum to the dorsal 
region; perennial in Tropics. Phaseolus lunatus L. Lima bean. 
BB. Seeds without conspicuous lines radiating from the hilum to the dorsal 
region. Phaseolus acutifolius A. Gray var. latifolius G. F. Freeman. 
Tepary bean. 
AA. Leaves pubescent. 
B. Roots tuberous, often perennial in warm climates, cotyledons not 
raised above the ground in the seedlings. Phaseolus multiflorus. 
Runner bean. 
BB. Roots not tuberous, annuals, cotyledons raised above the ground in 
the seedlings. Phaseolus vulgaris L. Common bean. 


The following descriptions are largely from the Standard Cyclopedia 
of Horticulture by Bailey (2). 
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THE LIMA BEAN 


The Lima bean is of two main types, in both of which occur dwarf or bush 
forms. Sieva type has slender stems, thin, short, broad, ovate, pointed leaflets 
except in the willow leaf forms. Flowers greenish white. Pods small, papery, 
curved apex ending in distinct spur, seeds small, flat. Relatively early. The 
Lima type is tall, robust growing, late maturing. Leaflets large and thick. 
Pods straight without distinct spur, seeds large, flat, or round. Commercial 
production of the large-seeded type of the Lima bean for the dry seeds is limited 
in the United States to the southern coast region of California. More Lima 
beans are produced in California than all the other species combined. 


THE TEPARY BEAN 


Plants twining, leaflets thin, glabrous, ovate to broadly lanceolate, acuminate. 
Flowers on peduncles shorter than the leaves, white or pale violet, dry pods 
papery, flat, straight to slightly curved, with prominent spur. Seeds small, round, 
oval to nes arly round to strongly flattened. A drought-resistant bean adapte d to 
the hot semiarid regions of the Southwest desert région. Forms a small part of 
the dry beans of commerce. 


THE SCARLET RUNNER BEAN 


Plants tall, twining, slender, minutely pubescent. Leaflets thin, large, rhombic- 
ovate, and acute. Flowers on long racemes, pods long with distinct apex, seeds 
large, much flattened to nearly cylindrical. The Scarlet Runner, with red flowers 
and colored seeds, and the Dutch Case Knife, with white flowers and seeds, are 
the two most widely grown varieties of this species. 


THE COMMON BEAN 


Plants both bush and trailing forms. Leaves and stems pubescent. Leaflets 
pubescent, rhombic-ovate or ovate in shape, peduncles shorter than the petioles, 
few flowered. Flowers white, yellowish, or greenish white or lilac. Pods straight 
or distinctly curved, ending in a distinct spur. Immature pods of snap beans 
either yellow or green in color, those of field varieties green. 

The field varieties of the common bean are distinguished by their fibrous pods 
from the snap beans, which have very little or no fiber in the pods. 


KEY TO THE VARIETIES OF PHASEOLUS VULGARIS 


A. Seeds white. 
B. Plants bush. 
C. Seeds reniform to subreniform. 

D. Seeds flat, thickness less than 0.7 of width. a ae 

pes : ee _F reneh, nee Kidney 
DD. Seeds round, thickness at least 0.8 of width. p. 
TE Se aig VN! WW hite ‘Kidney 
CC. Seeds not reniform or ‘subreniform. 
D. Seeds round, thickness at least 0.8 of width, small, conspicu- 
ously veined. p. 29..-...----- a ___Selection 90. 
BB. Plants trailing. 
C. Seeds reniform to subreniform. 
D. Seeds flat, thickness less than 0.7 of width. 
E. Pods wide, over 1.1 em. 
F. Pods with uniform curve. p. 29_--- ..-Haricot. 
FF. Pods curved at free and reflexed at stemend. p. 29-_- 
- : ee es cs lhe aek tie _Selection No. 162. 
EE. Pods intermediate in width, 1.1 em or less. 
’. Pods distinctly curved. 
Average width pod lem. p. 30____Great Northern 
GG. Average width ath Licm. p. 32... ae 
. __Selection 97. 
FF. Pods slightly curved. p. 32- __Selection 85. 
DD. Seeds intermediate, thickness 0.7 to 0. 8 of width. 
E. Pods flat to intermediate, curved. 
Average pod width less than 1 cm. p. 32 

eee W ashington. 
Ave erage pod 1 Ww idth 1 cm or over. p. 32- “Selection 106. 
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EE. Pods round, curved. 
F. Seeds not truncated, ~ ey in size. p. 32___- Pilot. 
FF. Seeds truncated, small. 32_ _Yankee Winter. 
DDD. Seeds round, thickness at least 0.8 width, Mr 40. 
California Wonder. 
CC. Seeds not reniform or subreniform. 
D. —— flat, thickness less than 0.7 of width. 
Pods broad. = SRO ees Pearce Improved. 
DD. Seeds intermediate, thickness 0.7 to 0.8 width. 
FK.. Pods straight, broad. 
F. Average thickness of seed over 0.7 of width. 
G. Average thickness 0.73 of width. p. 40_._____- 
; ‘ ie _.. Burlingame. 
GG. Average thickness 0.764 of width. p. 40___.__- 
a haces aac __. Selection 154. 
FF. Average thickness of seed 0.7 of width or less. 
G. Average length seeds over 0.9 em. p. 40__-.___- 
eS I ee White Wonder. 
GG. Average le ngth seeds 0.9 em or less. p. 40__ 
: hos Seis a es se Selection 81. 
EE. Pods curved, broad. 
F. Pods sharply curved, very broad. p. 40__----. __- 
oe __....------ Freneh White. 
FF. Pods slightly curved. 


G. Nodes 18-24. p. 41___-- .. White Marrow. 
GG. Nodes 13-15. p. 41_ ._.. Selection 100. 

DDD. Seeds round, thickness at least 0.8 of width. 
E. Seeds large. Seas _....-. Vineless Marrow. 


EE. Seeds small. 

F. Pods curved, narrow. 

G. Early maturing. 
H. Seeds not truncate. p. 41__.__. Snowflake. 
HH. Seeds truncate. p. 41-.____-- Selection 152. 

GG. Medium maturing. 

H. Seeds not distinctly truncate. p. 41___-__-- 
... Navy Pea. 


HH. Seed truncate. p. 41__...-______- Robust. 
GGG. Late maturing. 
H. Spur short, less than 0.6 cm. p. 42_____--- 


Samat .-- Selection 111. 
HH. Spur medium length, between 0.6 and 0.9 em. 


{ eae ...__--. Selection 112. 
FF. Pods straight or reflexed, midlong, frequently tinted 
purple. p. 42.__.__-- : as fl 


AA. Seeds colored. 
B. Plants determinate in growth, bush form. 
C.. Seeds reniform to subreniform. 
D. Seeds intermediate in thickness 0.7 to 0.8 of width. 
E. Seeds one color. 
I. Seeds garnet brown. 


G. Seeds intermediate. p. 42-- ._ Red Kidney. 

GG. Seeds flat. p. 42_--- ; Selection 123. 

FF. Seeds plum violet. p. 42- : ._._. Selection 149. 
FFF. Seeds chamois. p. 42-- ee ._ Long Yellow. 


EE. Seeds more than one color. 
F. Seeds flesh color, mottled garnet brown. 
Wi, Ma sai dati eee seaees Improved Goddard. 
DD. Seeds round, thickness greater than 0.8 of width. 
E. Seeds more than one color. 
F. Seeds tan, mottled, madder brown. p. 43_-_-------- 
_ Piechivus girs aete ... Emperor of Russia, 
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BB. Plants indetermine wey in growth, trailing. 
¥a 


CC. 






Journal of Agricultural Research Vol. 45, No. | 


EE. Seeds one color. 
F. Seeds Roman ocher. 
G. Mature pods curved. 
H. Pods long. 
I. Seeds eyed. 
J. Stippled. p.43__-Brown Norwegian. 
JJ. Not stippled. p.43__-Selection 140. 
II. Seeds withouteye. p.43___Selection 150. 
HH. Mature pods short, distinctly curved. p. 43_- 
tania cxseion sae .... Selection 141. 
GG. Mature pods straight. p.43___.-.. Selection 161. 
FF. Seeds Naples Yellow. p. 43_.--___--- Selection 156. 
Seeds not reniform or subreniform. 
D. Seeds round, thickness of at least 0.8 of width. 
E. Seeds solid color. 
F. Seeds Naples Yellow. p. 44- 
FF. Seeds Roman ocher. 
G. Seeds eyed. 
H. Seed coat not sitvaied. p. 44_- - 
Brown Swedish. 


_.-. Eureka. 


HH. Seed coat stippled. : p. 44 : BEES 
re ats eae : .. Selection 135. 
GG. Seeds not eyed. p. 44___-_- ... Selection 145. 


EE. Seeds more than one cclor. 
, — witn teal ox-blood red pattern at hilum. 
| PRET ES Se Se oe ae China Red Eve. 
FF. Ses ds with small irregul: ir yellow ocher pattern at eye. 
eee _..... Old Fashioned Yellow Eye. 


Seeds reniform to subreniform. 
D. Seeds flat, thickness less than 0.7 width. 
E. Seeds one color. 
F. Seeds raw sienna. p. 45_- Arikara Yellow. 
FF. Seeds black. p. 45_- Black Turtle Soup. 
FFF. Seeds plum violet in color. 
G. — medium length, between 0.6 and 0.9 em 


Sa eae ee _.Hidatsa Red. 
GG. oe long, OV re 9 cm. p.45_- Selection 128. 
FFFF. Seeds snuff brown. / See _Selection 147. 


EE. Seeds more than one ro ag 
F. Seeds dull purple lake, stippled. p. 45___Selection 142. 
FF. Seeds with longitudinal color bands. 
G. Seeds smoke gray with black bands. p. 46_- 


ae Keo A : Zebra. 
GG. a stone colored with vinous mauve bands. 
ee ciate Hansen. 


FFF. Seeds w ith i irre gular color pattern. 
G. Seeds pale yellow flesh, marked with black. 


<= ae ceca iat ara Selection 148. 
GG. Seeds salmon flesh, marked with snuff brown. 
XY 2 ees Garaypata. 


GGG. Seeds plum violet and white. p. 46_ 
2 Mottled Red Indian. 
DD. Seeds intermediate in thickness, 0.7 to 0.8 of width. 
E. Seeds one color. 
F. Seeds raw sienna, smallin size. p. 47... Bayou Chico. 
FF. Seeds pale pink in color, seed in size. p. 47 _- 
aa ieee - Bayou Grande. 


FFF. Seeds pink in color. o malas eee 8 
EE. Seeds more than one color. 
F. Seeds flesh color, mottled sepia. p. 47____ Wild Goose. 


Seeds not reniform or subreniform. 
D. Seeds round, thickness over 0.8 of width. 
E. Seeds more than one color. 
F. Seeds with large sharply defined yellow ocher eye 
DONE (“B. O0 aoa cen nns Improved Yellow Eye. 
FF. Seeds flesh color mottled garnet brown. p. 47- 
SERS PERS BNET B. _Ruby Horticultural Bush. 
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DESCRIPTIONS OF VARIETIES OF FIELD BEANS 


Seed from the various sources was first grown under the name 
attached. The names were retained with the types that were true to 
known variety description. Others were given correct names as they 
were identified, or, if they were not identified, they are reported here 
by selection number only. Types selected from certain seed stocks, 
some of which are probably due to hybridization and therefore not 
true to any known variety description, are also listed under selection 
number. Many unidentified types were grown in culture. Since 
their performance record did not warrant continuation they were 
discarded. Numbers are carried with the retained varieties for 
reference. 

VARIETIES WITH WHITE SEEDS 


All varieties with white seeds have leaves and stems green through- 
out. Differences in shade of green are mentioned in the descriptions 
when they are distinct. All the white-seeded varieties used have 
white flowers. 

Frencu Dwarr Kipney, No. 115 


Plants strictly bush, height 35 em, nodes 5-6. Leaves large. Mature pods 
not colored, slightly curved, medium texture, flat. Pod length 10.33 and width 
1.16 cm. Seeds per pod 4.9. Spur not marginal, curved, length 1.02 em. Dry 
seeds reniform: length 1.299, width 0.70, and thickness 0.476 em. Thickness 
0.678 of width. Seeds flat; 3,664 seeds per 1,000 g. Color, milk white (12, 
p.11-1,2). (Figs. 23-7; 26-4.) Late, low productivity, resistant to anthracnose. 
From Vilmorin & Co., Paris, France. 


Wuiter Kipney, No. 104 


Plants strictly bush, height 45-50 em, nodes 5-6. Leaves large, broad, long 
pointed. Mature pods not colored, straight, round, length 12.966 cm, width 
0.978 em. Seeds per pod 4.1. Apex abrupt. Spur not marginal, straight, 
length 1.464 em. Dry seeds reniform; length 1.597, width 0.729, thickness 
0.555 em. Thickness 0.760 of width; seeds intermediate; 2,067 seeds per 1,000 g. 
Color, milk white (12, p. 11-1, 2). (Figs. 23-8; 26-5.) Late, low productivity, 
resistant to anthracnose. From Minnesota Agricultural Experiment Station. 
St. Paul, Minn., and several seed houses. 


SELECTION 90 


Plants strictly bush, height 28-34 em, nodes 5-6. Leaves medium size, long 
pointed. Mature pods not colored, distinctly curved, round, length 0.025, width 
0.956 em. Seeds per pod 4.6. Spur, marginal, straight, length 1.244 em. Dry 
seeds not reniform, conspicuously veined, length 0.873, width 0.651, thickness 
0.563 em. Thickness 0.864 of width. Seeds spherical; 4,473 seeds per 1,000 g. 
Color fleshy white (12 p. 9). (Figs. 23-9; 26-6). Early, low productivity and 
quality, resistant to anthracnose. From Canada. 


Haricot, No. 103 


Plant long trailing, height 75 to 140 em, nodes 14-18. Leaves large, broad, 
short pointed. Seedling leaves rough wrinkled. Mature pods not colored, 
medium texture, curved, flat, length 12.215, width 1.241 em. Seeds per pod 4.2. 
Apex elongate. Spur marginal, curved, length 1.348 em. Dry seeds reniform; 
length 1.423, width 0.818, thickness 0.480 em. Thickness 0.587 of width. Seeds 
flat; 2,597 seeds per 1,000 g. Color milk white (12, p, 11-1, 2). (Figs. 23-10; 
26-7.) Very late, medium productivity, resistant to anthracnose. 


SELECTION 162 
Similar to Haricot; nodes 17-22. Mature pods not colored, curved at free 


end and reflexed at stem end, medium texture, length 12.53, width 1.397 cm. 
Apex elongate. Spur marginal, curved, length 1.027 em. Dry seeds reniform; 
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length 1.325, width 0.762, thickness 0.483 cm. Thickness 0.633 of width. Seeds 
flat; 2,584 seeds per 1,000 g. (Figs. 23-11; 26-8.) Very late, low productivity, 
resistant to anthracnose. 





























Ficure 23.—Side and ventral views of ripe seeds: 1, Dwarf Lima; 2, White Tepary; 3, Yellow 
Tepary; 4, Mottled Tepary; 5, Black Tepary; 6, Scarlet Runner; 7, French Dwarf Kidney, No. 
115; 8, White Kidney, No. 104; 9, Selection 90; 10, Haricot, No. 103; 11, Selection 162; 12, Great 
Northern, No. 78; 13, Selection 97; 14, Selection 86; 15, Selection 163; 16, Selection 85; 17, Selection 
166; 18, Lady Washington, No. 82; 19, Selection 106; 20, Selection 89; 21, Selection 164; 22, Pilot, 
No. 83; 23, Yankee Winter, No. 107; 24, California Wonder, No. 91; 25, Pearce Improved, No. 
70; 26, Burlingame, No. 80; 27, Selection 109; 28, Selection 154; 29, Schofield Pea, No. 88; 30,*W hite 
Wonder, No. 92; 31, Selection 81; 32, French White, No. 98; 33, White Marrow, No. 87; 34, Selection 
100; 35, Vineless Marrow, No. 79. XX So. 





GrEeAT NortTuHEernN, No. 78 


Plant short trailing, height 70.75 em, nodes 16-20. Leaves medium size, 
short pointed. Mature pods often splashed purple, distinctly curved, flat, 
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papery in texture, length 9.295, width 1.013 em. Seeds per pod 4.8. Apex 
slightly elongated. Spur marginal, curved, length 0.899 cm. Dry seeds reni- 
form; length 1.325, width 0.715, thickness 0.477 em. Thickness 0.667 of width. 





te 37 38 39 40 


41 42 43 44 

















FIGURE 24.—Side and ventral views of ripe seeds: 36, Navy Pea, No. 94; 37, Snowflake, No. 75; 38, 
Selection 152; 39, Wolverine, No. 110; 40, Robust, No. 76; 41, French Dwarf Rice, No. 101; 42, Selec- 
tion 112; 43, Selection 111; 44, Blue Pod, No. 102; 45, Red Kidney, No. 116; 46, Long Yellow, No. 124; 
47, Improved Goddard, No. 139; 48, Selection 140; 49, Brown Norwegian, No. 133; 50, Selection 150; 
51, Selection 141; 52, Selection 161; 53, Selection 156; 54, Eureka, No. 130; 55, Brown Swedish, No. 
144; 56, Selection 135; 57, Selection 145; 58, China Red Eye, No. 151; 59, Old Fashioned Yellow Eye, 
No. 125; 60, Arikara Yellow, No. 117; 61, Black Turtle Soup, No. 118; 62, Selection 142; 63, Zebra, 
No. 126; 64, Hansen, No. 122; 65, Selection 148; 66, Garaypata, No. 127; 67, Mottled Red Indian, 
No. 157; 68, Bayou Chico, No. 158; 69, Bayou Grande, No. 159; 70, Wild Goose, No. 121. XK “o. 


Seeds flat; 3,357 seeds per 1,000 g. Color creamy white (12, p. 10-1, 2). (Figs. 
23-12; 27-1.) Veined. Medium late, productive, susceptible to anthracnose. 
Synonym South Dakota Improved. 
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SELECTION 97 


Similar to Great Northern. Pods more curved, length 11.05, width 1.33 em. 
Seeds per pod 5.2. Dry seeds, length 1.235, width 0.706, thickness 0.480 cm. 
Thickness 0.679 of width. Seeds flat. (Figs. 23-13; 27-2.) Received under 
name of French Dwarf Kidney. 

SELECTION 85 


Similar to Great Northern. Pods only slightly curved, length 9.464, width 
1.015cm. Seeds per pod 5.1. Dry seeds less reniform, length 1.203, width 0.713, 
thickness 0.502em. Thickness 0.704 of width. Seeds flat. (Figs. 23-16; 27-3.) 


Lapy WASHINGTON, No. 82 


Plant short trailing, height 65-70 em, nodes 17-20. Leaves dark green, medium 
size, short pointed. Pods medium texture, not colored, slightly curved, flat, 
length 9.790, width 0.873 em. Seeds per pod 5.5. Apex elongated. Spur mar- 
ginal, curved, length 0.965 em. Dry seeds subrenif6rm, ends round, length 0.899, 
width 0.607, thickness 0.4830 em. Thickness 0.708 of width. Seeds flat; 5,544 
seeds per 1,000 g. Color milk white (12, p. 11-1, 2). (Figs. 23-18; 27-4.) Late, 


, 


er ea 2 
} in a 15 


73 





oe 66 OF 
16 "7 79 











FIGURE 25.—Side and ventral views of ripe seeds: 71, Hidatsa Red, No. 131; 72, Selection 128; 73, 
Selection 136; 74, Selection 147; 75, Improved Yellow Eye, No. 120; 76, Ruby Horticultural Bush, 
No. 129; 77, Selection 143; 79, Pink, No. 160; 80, Small White, No. 106. X Sio. 


medium productivity, resistant to anthracnose. Not well adapted to this section. 
From Germaine Seed Co., Los Angeles, Calif. 


SELEcTION 106 


Similar to Lady Washington. Mature pods, length 10,968, width 1.067 cm. 
Seeds per pod 5.0. Apex abrupt. Spur marginal, curved, length 0.833 cm. 
Dry seeds, length 1.164, width 0.680, thickness 0.505cem. Thickness 0.741 of width; 
3,494 seeds per 1,000 g. (Figs. 23-19; 27-5.) Productive. Susceptible to anthrac- 
nose. Received under the name of Small White. 


Pitot, No. 83 


Plant short trailing, height 60-65, cm, nodes 16-18. Leaves medium size, 
short pointed, dark green. Mature pods not colored, curved, length 9.585, width 
1.475 em. Apex abrupt. Spur not marginal, curved, length 1.437 em. Seeds 
per pod 5.2. Dry seeds, length 0.824, width 0.617, thickness 0.512 em. Thick- 
ness 0.830 of width. Seeds round; 4,237 seeds per 1,000 g. Color milk white 
(12, p. 11-1, 2). (Fig. 23-22.) Productive, resistant to anthracnose. From Will 
Seed Co., Bismarck, N. Dak. 


YANKEE WinTER, No: 107 
Plant short trailing, height 65—75 em, nodes 18-22. Leaves small, short pointed. 


Mature pods not colored, slightly curved, round, medium texture, ventral suture 
depressed, length 8.948, width 0.762 em. Apex slightly elongated. Spur marginal, 
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FIGURE 26.—Side view of mature pods: 1, Dwarf Lima; 2, White Tepary: 3, Yellow Tepary: 4, French 
Dwarf Kidney, No. 115; 5, White Kidney, No. 104; 6, Selection 90; 7, Haricto, No. 103; 8, Selec- 
tion 162. xX Kio 
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FIGURE 27.—Side view of mature pods: 1, Great Northern, No. 78, 2, Selection 97; 3, Selection 85; 4, 
Lady Washington, No. 82; 5, Selection 106; 6, Selection 164; 7, Yankee Winter, No. 107; 8, Califor- 
nia Wonder, No. 91; 9, Pearce Improved, No. 70; 10, Burlingame, No. 80. x Vio 
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FIGURE 28.—Side view of mature pods: 1, Selection 109; 2, Selection 154; 3, Schofield Pea, No. 88; 4, 
Selection 81; 5, White Wonder, No. 92; 6, French White, No. 98; 7, White Marrow, No. 87; 8, 
Selection 100; 9, Vineless Marrow, No. 79. X Vio 
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FIGURE 29.—Side view of mature pods: 1, Navy Pea, No. 94; 2, Snowflake, No. 75; 3, Selection 152; 4, 
Wolverine, No. 110; 5, Robust, No. 76; 6, French Dwarf Rice, No. 101; 7 Selection 112; 8, Selec- 
tion 111; 9 and 10, Blue Pod, No. 102. XK Ko 
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Ficu RE 30.—Side view of mature pods: 1, Red Kidney, No. 116; 2, Long Yellow, No. 124; 3, Im- 
proved Goddard, No. 139; 4, Selection 140; 5, Brown Norwegian, No. 133; 6, Selection 150; 7, Selec- 
tion 141; 8, Selection 161; 9, Selection 156. xX Vio 
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FIGURE 31.—Side view of mature pods: 1, Eureka, No. 130; 2, Brown Swedish, No. 144; 3, Selection 
135; 4, Selection 145; 5, China Red Eye, No. 151; 6, Old-Fashioned Yellow Eye, No. 125; 7, Arikara 
Yellow, 117; 8, Black Turtle Soup, No. 118; 9, Selection 142; 10, Zebra, No. 126. xX Vio 
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FIGURE 32.—Side view of mature pods: 1, Hansen, No. 122; 2, Selection 148; 3, Garaypata, No. 127; 4, 
Bayou Chico, No. 158; 5, Bayou Grande, No. 159; 6, Wild Goose, No. 121; 7, Hidatsa Red, No. 131; 
8, Selection 147; 9, Improved Yellow Eye, No. 120; 10, Ruby Horticultural Bush, No. 129. xX io 
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curved, length 0.719 cm. Seeds per pod 6.2. Dry seeds reniform, ends truncate, 
length 0.844, width 0.554, thickness 0.429 em. Thickness 0.762 of width. Seeds 
intermediate; 6,644 seeds per 1,000 g. Color milk white (12, p. 11-1, 2). (Figs. 
23-23; 27-7.) Very late, low productivity, susceptible to anthracnose. From 
an exhibit at the Minnesota State fair. 


CALIFORNIA WonpDeER, No. 91 


Plant short trailing, height 90-120 em, nodes 18-24. Leaves small, short 
pointed. Mature pods not colored, medium texture, curved, length. 9.570, width 
0.887 cm. Seeds per pod 5.9. Apex slightly elongated. Spur marginal, curved, 
length 0.808 em. Dry seeds subreniform, ends round, length 0.938, width 6.34, 
thickness 0.513 em. Thickness 0.808 of width. Seeds round; 4,905 seeds per 1,000 
g. Color milk white (12, p. 11-3, 4). (Figs. 23-24; 27-8.) Late, medium pro- 
ductive, susceptible to anthracnose. From Northrup, King & Co., Minneapolis, 
Minn. 

PEARCE IMPROVED, No. 70 


Plant short trailing, height 80 to 110 em, nodes 16-22. Leaves medium size, 
short pointed. Mature pods not colored, thin, very flat, curved, length 10.275, 
width 1.23 em. Seeds per pod 4.2. Apex abrupt. Spur curved, marginal, 
average length 1.098 em. Dry seeds not reniform, ends truncated, length 1.176, 
width 0.761, thickness 0.494 em. Thickness 0.649 of width. Seeds flat; 3,185 
seeds per 1,000 g. Color milk white (12, p. 11-1, 2). (Figs. 23-25; 27-9.) 
Very late, productive, susceptible to anthracnose. From Ontario Agricultural 
College, Guelph, Ontario. 

BURLINGAME, No. 80 


Plant short trailing, height 80-90 em, nodes 15-16. Leaves medium size, 
short pointed. Mature pods not colored, medium texture, straight, flat, length 
10.146, width 1.163 em. Seeds per pod 4.5. Spur marginal, curved, length 1.151 
em. Dry seeds not reniform, ends truncated, length 1.087, width 0.735, thickness 
0.538 em. Thickness 0.730 of width. Seeds intermediate; 3,044 seeds per 
1,000 g. Color milk white (12, p. 11-1, 2). (Figs. 23-26; 27-10.) Medium 
late, productive, susceptible to anthracnose. Synonyms Medium and Schofield 
Pea. From several seedsmen. 

SELECTION 154 


Similar to Burlingame. Mature pods slightly curved, less flattened. Length 
9.904, width 1.127 em. Apex abrupt. Spur marginal, length 1.179. Dry seed, 
length 1.058, width 0.750, thickness 0.570 em. Thickness 0.764 of width. Seeds 
intermediate. (Figs 23-28; 28-2.) From Ontario Agricultural College, Guelph, 
Ontario, under name of Medium. 


WuitE Wonper, No. 92 


Similar to Burlingame. Dry pods. Length 0.739, width 1.127 em. Seeds per 
pod 3.9. Spur length 1.0834em. Dry seeds, length 1.042, width 0.702, thickness 
0.493 em. Thickness 0.702 of width. Seeds flat. (Figs. 23-30; 28-5.) 


SELECTION 81 


Similar to White Wonder but shorter pod and shorter, flatter seed. Dry seed, 
length 0.898, width 0.670, thickness 0.457 em. Thickness 0.680 of width. 
Seeds flat. (Figs. 23-31; 28-4.) 


FrencH Wuirte, No. 98 


Plant short trailing, height 95 em, nodes 16-18. Leaves medium size, short 
pointed. Mature pods not colored, thin, decidedly curved, very flat, length 
11.767, width 1.297 em. Seeds per pod 5.6. Apex abrupt. Spur not marginal, 
curved, length 1.028 em. Dry seeds not reniform, ends round, length 1.113, 
width 0.740, thickness 0.569 em. Thickness 0.769 of width. Seeds intermediate; 
3,190 seeds per 1,000 g. Color milk white (12, p. 11-1, 2). (Figs. 23-32; 28-6.) 
Low productivity. From A. H. Huchting, Oceanside, Calif. 
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Wuite Marrow, No. 87 


Plant long trailing, height 135-145 cm, nodes 18-24. Leaves large, long 
pointed. Mature pods not colored, medium texture, slightly curved, flat, length 
10.719, width 1.079 cm. Seeds per pod 5.8. Spur not marginal, curved, length 
0.905 em. Dry seeds not reniform, ends round, length 1.021, width 0.697, thick- 
ness 0.560 em. Thickness 0.809 of width. Seeds round; 3,827 seeds per 
1,000 g. Color milk white (12, p. 11-1, 2). (Figs. 23-33; 28-7.) Very late, 
productive, susceptible to anthracnose. From several seedsmen. 


SELECTION 100 


Similar to White Marrow, but lower growing, 90 cm tall, and smaller number of 
nodes, 13-15. Dry-pod length 10.332, width 1.244 cm. Spur length 0.994 cm. 
Seeds per pod 5.5. Dry seeds, length 1.013, width 0.719, thickness 0.582 cm. 
Thickness 0.809 of width. (Figs. 23-34; 28-8.) 


VINELEss Marrow, No. 79 


Plant short trailing, height 80 em, nodes 12-16. Seedling leaves wrinkled. 
Leaves large, broad, long pointed. Mature pods not colored, coarse, curved, 
round, length 10.539, width 1.104 em. Seeds per pod 4. Apex elongated. Spur 
not marginal, straight to slightly curved, length 1.431 em. Dry seeds not reni- 
form, ends round, length 1.129, width 0.762, thickness 0.676 cm. Thickness 
0.887 of width. Seeds round and seed coat often wrinkled; 2,180 seeds per 
1,000 g. Color milk white (12, p. 11-3, 4). (Figs. 23-35; 28-9.) Late, pro- 
ductive, very susceptible to anthracnose. From Ontario Agricultural College, 
Guelph, Ontario, and from several seedsmen. 


SNOWFLAKE, No. 75 


Plant short trailing, erect, height 75-80 em, nodes 16-20. Leaves small, short 
pointed. Mature pods not colored, medium in texture, slightly curved, length 
8.497, width 0.886 em. Spur not marginal, length 0.804 em. Seeds per pod 5.3. 
Dry seeds not reniform, ends round, length 0.826, width 0.62, thickness 0.519 em. 
Thickness 0.837 of width. Seeds round. Color milk white (12, p. 11-1, 2). 
(Figs. 24-37; 29-2.) Early maturing, productive. From Gregory & Sons, 
Boston, Mass., and from several other sources. Wolverine is similar with 
slightly more globose seeds. (Figs. 24-39; 29-4.) 


SELECTION 152 


Similar to Snowflake. Pods round, length 8.805, width 0.785 em. Seeds per 
pod 5.7. Spur length 0.846 em. Dry seeds truncated, length 0.818, width 
0.556, thickness 0.471 em. Thickness 0.832 of width. Seed coat fleshy white 
(12, p. 9), veined. (Figs. 24-38; 29-3.) Early maturing, moderately productive. 
From a farm in Washington County, Minn., on which it had been grown for a 
number of years. 

Navy Pra, No. 94 


Plant short trailing, much branched, erect, height 75-80 cm, nodes 16-20. 
Leaves small, short pointed. Mature pods not colored, medium texture, slightly 
curved, length 8.644, width 0.882 em. Seeds per pod 4.9. Apex abrupt. Spur 
not marginal, curved, length 0.819 em. Dry seeds not reniform, slightly trun- 
cated, length 0.813, width 0.605, thickness 0.523 em. Thickness 0.864 of width. 
Seeds round; 4.905 seeds per 1,000 g. Color milk white (12, p. 11-1, 2). (Fig. 24-36: 
29-1.) Medium early maturing, productive, resistant to anthracnose and blight 
From Northrup, King & Co. of Minneapolis, Minn. French Dwarf Rice, No. 101 
is similar to Navy Pea. (Figs. 24-41; 29-6.) 


Rosust, No. 76 


Similar to Navy Pea. Seeds more truncated and conspicuously veined. Pod 
measurements, length 8.895, width 0.886 cm. Spur length 0.810 cm. Seeds per 
pod 5.7. Dry seeds, length 0.844, width 0.600, thickness 0.499 cm. Thickness 
0.832 of width. Seeds round. Color fleshy white (12, p. 9). Medium early 
maturing, very productive, resistant to anthracnose and blight. Mosaic not 
observed on plants. (Figs. 24-40; 29-5.) 
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SELECTION 111 


Similar to Navy Pea but distinct in having shorter spur. Spur length 0.507 
em. Pod measurements, length 8.335, width 0.90 em. Seeds per pod 4.9. Dry 
seeds, length 0.848, width 0.633, thickness 0.526 em. Thickness 0.831 of width. 
Seeds round. Late maturity. Medium productivity. (Figs. 24-43; 29-8.) 


SELECTION 112 


Similar to Navy Pea but later in maturity. Pod measurements, length 8.49, 
width 0.820 ecm. Spur length 0.786 cm. Seeds per pod 5. Dry-seed measure- 
ments, length 0.817, width 0.577, thickness 0.491 em. Thickness 0.849 of width. 
Seeds round. Color of seeds fleshy white (12, p. 9). (Figs. 24-42; 29-7.) Late 
maturity. 

BLuE Pop, No. 102 


Plant short trailing, much branched, erect, height 110 em, nodes 17-20. Leaves 
small, short pointed. Mature pods often tinged purple, straight to reflex curved, 
medium texture, round, length 9.430, width 0.768 em. Seeds per pod 6.5. Apex 
abrupt. Spur not marginal, curved, length 0.762 cm. Dry seeds oval, ends 
round, length 0.807, width 0.553, thickness 0.451 em. Thickness 0.816 of width. 
Seeds round, 7,158 seeds per 1,000 g. Color fleshy white (12, p. 9) veined. (Figs. 
24-44; 29-9 and 10.) Very late, productive, resistant to anthracnose. From 
Lompoe Produce Co., Lompoe, Calif. 


VARIETIES WITH COLORED SEEDS 
Rep Kipney, No. 116 


Plants strictly bush, height 46-50 em, nodes 6 to 7. Leaves and stems green 
throughout. Leaves large, long pointed. Flowers, standard lilac (12, p. 176, 1—2). 
Mature pods often splashed red, coarse, straight, length 12.572, width 1.064 em. 
Seeds per pod 4.2. Apex slightly elongated. Spur not marginal, straight, length 
1.241 em. Dry seeds reniform, ends round, length 1.563, width 0.725, thickness 
0.567em. Thickness 0.782 of width. Seeds intermediate; 2,539 seeds per 1,000 g. 
Color garnet brown (12, p. 164). (Figs. 24-45; 30-1.) Late, medium produc- 
tivity, anthracnose resistant, blight susceptible. From New York (Cornell) 
Agricultural Experiment Station, Ithaca, N. Y 


SELECTION 123 


Similar to Red Kidney but seeds flat. Mature pods, length 12.119, width 1.061 
em. Seeds per pod 3.9. Spur length 1.309 em. Dry seeds, length 1.590, width 
0.782, thickness 0.516 em. Thickness 0.659 of width; 2,193 seeds per 1,000 g. 


Dark Rep Kipney, No. 149 


Similar to Red Kidney but seeds plum violet (12, p. 172, 4) and earlier in matur- 
itv. Pod measurements, length 12.27, width 1.154 em. Spur length 1.290 cm. 
Seeds per pod 3.9. Seed length 1.573, width 0.761, thickness 0.568 em. Thickness 
0.747 of width. Susceptible to anthracnose. From Michigan State College of 
Agriculture and Agricultural Experiment Station. 


LonGc YELLow, No. 124 


Plants strictly bush, height 44-46 em, nodes 5-6. Leaves and stems green 
throughout. Leaves large, long pointed. Flowers, standard lilae (12, p. 176-3, 
4), wings lilae (12, p. 176-1, 2). Mature pods not colored, coarse, slightly curved, 
length 12.405, width 0.908 em. Seeds per pod 4.9. Apex slightly elongated. Spur 
not marginal, straight, length 1.363 em. Dry seeds, subreniform; length 1.387, 
width 0.706, thickness 0.537 em. Thickness 0.760 of width; 2,757 seeds per 1,000 
g. Seed color chamois (12, p. 325-1, 2), eye color raw umber (12, p. 301), hilum 
ring Roman ocher (12, p. 327). (Figs. 24-46; 30-2.) Very early, medium pro- 
ductivity, resistant to anthracnose. From New York (Cornell) Agricultural 
Experiment Station, Ithaca, N. Y. 
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IMPROVED Gopparpb, No. 139 


Plants strictly bush, height 42-44 em, nodes 6-7. Leaves and stems green 
throughout. Leaves large, long pointed. Flowers, standard lilac (12, p. 176-3, 
4), wings lilac (12, p. 176-1, 2). Mature pods splashed red, coarse, slightly 
curved, length 13.116, width 1.051 ecm. Seeds per pod 4.1. Spur marginal, 
straight, length 1.572 em. Dry seeds reniform, ends round, length 1.583, width 
0.798, thickness 0.554. Thickness 0.694 of width. Seeds flat. 2,863 seeds per 
1,000 g. Color flesh (12, p. 67-1) mottled garnet brown (12, p. 164-4), eve 
toman ocher (12, p. 327). No distinct hilum ring. (Figs. 24-47; 30-3.) Very 
early, medium productivity, anthracnose resistant, blight susceptible. From 
New York (Cornell) Agricultural Experiment Station, Ithaca, N. Y. 


EMPEROR OF Russia, No. 111 


Plant strictly bush. Pod measurements, length 12.034, width 0.781 em. Spur 
length 1.415 em. Seed per pod 5.2. Seeds reniform, length 1.415, width 0.620, 
thickness 0.539 em. Thickness 0.869 of width. Seeds round. Color of seeds 
tan (12, p. 317-1, 2) heavily mottled madder brown (12, p. 334, 1-2). From 
Sweden. 

Brown Norweaian, No. 133 


Plants strictly bush, height 40-42 em, nodes 5-6. Leaves and stems green 
throughout. Leaves large, long pointed. Flowers, standard lilae (12, p. 176-3, 4) 
wings lilac (12, p. 176-1, 2). Mature pods not colored, coarse, dehisce readily, 
slightly curved, round, length 12.267, width 0.900 em. Seed per pod 4.5. Spur 
marginal, length 1.37 em. Dry seeds reniform, ends round, length 1.389, width 
0.678, thickness 0.548 em. Thickness 0.807 of width 3,047 seeds per 1,000 g. 
Color, Roman ocher (12, p. 327-3, 4), stippled dark brown, eye snuff brown 
(12, p. 303), hilum ring Roman ocher (12, p. 327). (Figs. 24-49; 30-5.) Early, 
medium productivity. From Central Experimental Farms, Ottawa, Canada, 
under Ottawa No. 71. 

SELECTION 140 


Similar to Brown Norwegian but seeds are not stippled dark brown. Mature 
pods not colored, coarse, dehisce readily, distinctly curved, length 11.563, width 
0.881 em. Seeds per pod, 4.7. Apex elongated. Spur marginal, length 1.328 
em. Dry seeds reniform, ends round, length 1.339, width 0.681, thickness, 
0.561 em. Thickness 0.822 of width. Seeds round. 2,746 seeds per 1000 g. 
Color Roman ocher (12, p. 327—3, 4), eye snuff brown (12, p. 303), hilum ring 
Roman ocher (12, p. 327). (Figs. 24-48; 30-4.) Early, medium productivity, 
susceptible to anthracnose and blight. From Owosso, Mich. 


SELECTION 150 


Similar to Selection 140 except seeds without eye markings and pods distinctly 
sickle-shaped. Pod length 12.540, width 0.865 em. Seeds per pod, 5.1. Spur 
length 1.128 em. Dry seeds, length 1.361, width 0.673, thickness 0.552 em. 
Thickness 0.819 of width. (Figs. 24-50; 30-6.) 


SELECTION 141 


Similar to Selection 140 except pods are shorter, length 9.820, width 0.913 
em. Spur length 1.448. Pods distinctly sickle-shaped. Seeds per pod 4.1. 
Dry seeds, length 1.228, width 0.687, thickness 0.536 cm. Thickness 0.794 of 
width; 2,940 seeds per 1000 g. (Figs. 24-51; 30-7.) 


SELECTION 161 


Similar to Selection 140 except pods are straight. Seeds per pod 5-6. Spur 
not marginal. Seeds less reniform and eye marking less distinct. (Figs. 24-52; 
30-8.) 

SELECTION 156 


Plants strictly bush, height 35-38 em, nodes 6-7. Leaves and stems green 
throughout. Leaves large, dark green. Flowers white. Mature pods not 
colored, coarse, curved, flattened, length 9.589, width 1.082 em. Seeds per pod 
4.2. Apex slightly elongated. Spur not marginal, curved length 1.235 cm. 
Dry seeds reniform, ends round, length 1.072, width 0.652, thickness 0.568 cm. 
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Thickness 0.870 of width. 2,633 seeds per 1,000 g. Color of seed Naples yellow 
(12, p. 29-1). (Figs. 24-53; 30-9.) Early, low productivity. From Mada- 
waska, Canada. 

Eureka, No. 130 


Plant strictly bush, height 42-44 em, nodes 6-7. Leaves and stems green 
throughout. Leaves large oval, blunt pointed, crumpled. Flowers standard 
lilac (12, p. 176-3, 4), wings lilae (12, p. 176-1, 2). Mature pods not colored, 
coarse, straight, round, length 8.902, width 1.104 cm. Seeds per pod 4.6. Apex 
abrupt. Spur not marginal, straight, length 0.852 cm. Dry seeds, length 0.893, 
width 0.691, thickness 0.611 em. Thickness 0.884 of width. Seeds spherical; 
3,772 seeds per 1,000 g. Color Naples yellow (12, p. 29-1). (Figs. 24-54; 31-1). 
Medium late, medium productivity, anthracnose and blight resistant. From 
New York (Cornell) Agricultural Experiment Station, Ithaca, N. Y., and from 
growers in Washington County, Minn. 


Brown Sweptisu, No. 144 


Plant strictly bush, height 40-42 em, nodes 6-7. Leaves and stems green 
throughout. Leaves large, long pointed. Flowers, standard lilac (12, p. 176-3, 
4), wings lilac (12, p. 176-1, 2). Mature pods not colored, coarse, dehisce 
readily at maturity. Distinctly curved, round, length 8.902, width 1.104 em. 
Seeds per pod 4.6. Apex slightly elongated. Spur not marginal, straight, length 
0.852 em. Dry seeds oval, ends round, length 1.064, width 0.706, thickness 
0.609 em. Thickness 0.862 of width. 3,018 seeds per 1,000 g. Color Roman 
ocher (12, p. 327-3, 4), eye snuff brown (12, p. 303), hilum ring Roman ocher 
(12, p. 827). (Figs. 24-55; 31-2.) Early medium productivity, susceptible 
to anthracnose and blight. From Northrup, King & Co., Minneapolis, Minn. 


SELECTION 135 


Similar to Brown Swedish, except pods straight with long spur and seeds 
stippled dark brown. Dry pods, length 10.46, width 0.955 em. Spur length 
1.523. Dry seeds, length 1.312, width 0.700, thickness 0.500 em. Thickness 
0.714 of width. (Figs. 24-56; 31-3.) From Sweden. 


SELECTION 145 


Similar to Brown Swedish except pods less curved. Dry pods, length 9.177, 
width 0.906 em. Spur length 1.07 em. Dry seeds, length 1.31, width - 721, 
thickness, 0.589 em. Thickness 0.816 of width. Seeds round. (Figs. 24-57; 
31-4.) 

Cuina Rep Eygs, No. 151 


Plant strictly bush, height 28-30 em, nodes 5-6. Leaves and stems green 
throughout. Flowers white. Mature pods not colored. Coarse, straight, 
length 11.367, width 1.084 em. Seeds per pod 4.9. Apex slightly elongated. 
Spur not marginal, curved, length 1.178 em. Dry seeds oval, length 1.286, 
width 0.769, thickness 0.630 em. Thickness 0.922 of width. 2,092 seeds per 
1,000 g. Color white with ox-blood red (12, p. 94) irregular mottled pattern 
around eye covering approximately one-fourth of entire surface of seed. Eye 
markings lacking. (Figs. 24-58; 31-5.) Very early, low productivity, sus- 
ceptible to anthracnose and blight. From New York (Cornell) Agriculture 
Experiment Station, Ithaca, N. Y. 


Oup FasHIONED YELLOW Eye, No. 125 


Plant strictly bush, height 50-52 em, nodes 6-7. Leaves and stems green 
throughout. Flowers white. Mature pods not colored, coarse, slightly curved, 
length 10.493, width 1.154 em. Seeds per pod, 4.4. Spur not marginal, curved, 
length 1.206 em. Dry seeds, length, 1.23, width 1.799, thickness 0.679 cm. 
Thickness 0.848 of width. 2,294 seeds per 1,000 g. Color white with irregular 
yellow ocher (12, p. 326-4), pattern around hilum covering approximately one- 
fourth of area of seed. Eye snuff brown (2, p. 303) with white spot on each side 
of hilum. (Figs. 24-59; 31-6.) Medium early, medium productivity, resistant 
to anthracnose and blight. From various sources. 
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ARIKARA YELLOW, No. 117 


Plant short trailing, decumbent, not highly branched, height 75 to 80 cm, 
nodes 15-16. Leaves and stems green throughout. Leaves medium size, broad 
short pointed. Flowers white. Mature pods not colored, papery texture, 
curved, length 9.695, width 0.990 cm. Seeds per pod, 5.4. Apex abrupt. 
Spur marginal, curved, length 0.918 em. Dry seeds reniform; length 1.302, 
width 0.711, thickness 0.454 em. Thickness 0.624 of width. Seeds flat; 3,983 
seeds per 1,000 g. Color raw sienna (12, p. 329-1, 2). No eye markings. 
(Figs. 24-60; 31-7.) Medium early, productive, resistant to anthracnose and 
blight. From Osear Will Seed Co., Bismarck, N. Dak., under the name given. 
Also received under name of Yellow Indian. Resembles most Great Northern 
except in seed color. 

Buack TurRTLE Soup, No. 118 


Plant short trailing, erect, height 58-60 em, nodes 13-14. Leaves medium 
size, dark green. Stems more or less purple. Flowers, standard magenta 
(12, p. 182-2), wings violet rose (12, p. 154-2). Mature pods often tinged purple, 
medium coarse, distinctly curved near free end, length 10.379, width 0.791 ecm. 
Seeds per pod, 5.4. Apex abrupt. Spur marginal, straight, length 1.025 em. 
Dry seeds reniform; flat length 1.040, width 0.597, thickness 0.393 em. Thick- 
ness 0.656 of width. Seeds flat; 5,332 seeds per 1,000 g. Color violet black 
(12, p. 347-4). (Figs. 24-61; 31-8.) Late, very productive, very resistant to 
anthracnose, susceptible to blight. 


Hipatsa Rep, No. 131 


Plant short trailing, height 75 to 90 em, nodes 23-26. Leaves and stems 
green throughout. Leaves large, short pointed, very pubescent. Flowers white. 
Mature pods not colored, papery texture, curved, flat, length 9.00, width 1.03 
em. Seeds per pod, 5.4. Apex abrupt. Spur marginal, curved, length 0.730 
em. Dry seeds not reniform, truncated, length 1.444, width 0.764, thickness 
0.535 em. Thickness 0.699 of width. Seeds flat; 3,320 seeds per 1,000 g. 
Color plum violet (12, p. 172-4), no eye marking. (Figs. 25-71; 32-7.) Very 
late, low productivity, susceptible to anthracnose. Not well adapted in north 
central United States. From Oscar Will Seed Co., Bismarck, N. Dak., under 
name given. Also received under name of Red Indian. 


SELECTION 128 


Similar to Hidatsa Red, No. 131. Height 70-75 em, nodes 17-20. Mature 
pods, length 8.668, width 0.993 em. Seeds per pod 5. Spur length 0.911 em. 
Dry seeds, length 1.139, width 0.706, thickness 0.481 em. Thickness 0.681 of 
width; 4,750 seeds per 1,000 g. (Figs. 25-72.) Very susceptible to anthracnose. 
Medium late, medium productivity, adapted to north central United States. 


SELECTION 147 


Plant short trailing, height 75 to 120 em, nodes 13-17. Leaves and stems 
green throughout. Leaves medium size, short pointed. Flowers white. Mature 
pods often splashed red, papery texture, curved, flat, length 10.479, width 1.143 
em. Seeds per pod, 4.6. Apex abrupt. Spur marginal, curved, length 1.136 
em. Dry seeds not reniform; length 1.178, width 0.801, thickness 0.517 em. 
Thickness 0.645 of width. 3,055 seeds per 1,000g. Color of seeds snuff brown 
(12, p. 303). Noeyemarking. (Figs. 25-74; 32-8.) Medium early, productive, 
resistant to anthracnose. Adapted to north central United States. 


SELECTION 142 


Plant short trailing, height 70-75 em, nodes 14-15. Leaves and stems green 
throughout. Leaves medium size, broad, short pointed. Flowers white. 
Mature pods slightly splashed red, papery texture, curved, flat, length 9.712, 
width 0.965 em. Seeds per pod, 5.0. Apex abrupt. Spur marginal, curved. 
Length 0.849 em. Dry seeds reniform, length 1.33, width 0.724, thickness 0.496 
em. Thickness 0.683 of width. Seeds flat; 3,165 seeds per 1,000 g. Color dull 
purple lake (12, p. 170-3, 4), stippled white. No eye marking. (Figs. 24-62; 
31-9.) Late, medium productivity, resistant to anthracnose. Most nearly 
resembles Hansen, the variety in which it occurred. 
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ZEBRA, No. 126 


Plant short trailing, height 60-65 em, nodes 16-17. Leaves dark green, medium 
size, short pointed. Stems purple. Flowers, standard magenta (12, p. 182-2), 
wings violet rose (12, p. 154-2). Mature pods splashed purple, medium texture, 
curved, flat, length 8.847, width 0.907 cm. Seeds per pod 5. Spur marginal, 
eurved, length 0.817 em. Dry seeds reniform, truncated, length 1.158, width 
0.709, thickness 0.494 em. Thickness 0.696 of width. Seeds flat; 4,018 seeds 
per 1,000 g. Color smoke gray (12, p. 363), longitudinal black stripes, eye black, 
no hilum ring marking. (Figs. 24-63; 31-10.) Late, medium productivity, 
slightly susceptible to anthracnose. Indian booth, South Dakota State fair, and 
grocery store, Gonvick, Minn. 


HaANnsEN, No. 122 


Plant short trailing, height 70-80 em, nodes 17-18. Leaves and stems green 
throughout. Leaves medium size, short pointed. Flower color, standard and 
wings pale reddish lilac (12, p. 131-1). Mature pods not colored, medium texture, 
curved, flat, length 9.392, width 1.001 em. Seeds per pod 5.4. Apex abrupt. 
Spur marginal, curved, length 0.854 em. Dry seeds, length 1.141, width 0.718, 
thickness 0.484 em. Thickness 0.674 of width. Seeds flat; 4,296 seeds per 1,000 
g. Color background stone (12, p. 312) tinged lilac mauve (12, p. 196), striped 
with longitudinal violet (vinous mauve, 12, p. 184) bands. (Figs. 24-64; 32-1.) 
Late, productive, susceptible to anthracnose. Adapted to the north central 
part of the United States. Described by Freeman. From the Arizona Agricul- 
ture Experiment Station, Tucson, Ariz. 


SELECTION 148 


Plant short trailing, decumbent, height 70-75 em, nodes 17-18. Leaves dark 
green; stems with considerable purple color. Flower color, standard magenta 
(12, p. 182-2), wings violet rose (12, p. 154-2). Mature pods splashed purple, 
medium texture, curved, length 9.582, width 0.973 em. Apex abrupt. Spur 
marginal, curved, length 0.927 em. Dry seeds subreniform, truncated, length 
1.251, width 0.734, thickness 0.502 em. Thickness 0.682 of width. Seeds flat, 
3,929 seeds per 1,000 g. Color pale yellowish flesh (12, p. 68—2), mottled black. 
No eye markings. (Figs. 24-65; 32-2.) Late, medium productivity. Suscepti- 
ble to anthracnose. Selected from a lot of beans secured from the Sisseton Indian 
Reservation, 8S. Dak. 
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GARAYPATA, No. 127 


Plant short trailing, decumbent habit, height 60-65 em, nodes 16-17. Leaves 
and stems green throughout. Flowers white. Mature pods splashed red, me- 
dium texture, curved, length 9.144, width 0.941 em. Seeds per pod 4.9. Apex 
abrupt. Spur not marginal, curved, length 0.942. Dry seeds subreniform; length 
1.205, width 0.724, thickness 0.498 em. Thickness 0.688 of width. 3,930 seeds 
per 1,000 g. Color salmon flesh (12, p. 138—2), mottled snuff brown (12, p. 303). 
Eve color raw sienna (12, p. 329-1, 2). (Figs. 24-66; 32-3.) Late, medium 
productivity, susceptible to anthracnose. Described by Freeman (5). Known 
commercially as Pinto. From Arizona Agricultural Experiment Station, Tucson, 
Ariz., and several other locations, including the Dakotas. 


Morriep Rep Inp1an, No. 157 


Plant short trailing, height 50-66 em, nodes 24-26. Leaves and stems green 
throughout. Leaves dark green, broad, short, pointed, highly pubescent. 
Flowers white. Mature pods not colored, papery texture, markedly curved, 
flat, length 9.001, width 1.030 em. Seeds per pod 4.6. Spur marginal, curvea, 
length 0.730 em. Dry seeds subreniform; length 1.444, width 0.764, thickness 
0.535 em. Thickness 0.699 of width. Seeds flat; 4,347 seeds per 1,000 g. 
Color plum violet (12, p. 172-4) and white in irregular pattern. No eye markings. 
(Fig. 24-67.) Very late, low productivity, susceptible to anthracnose. Not 
adapted to north central United States. From A. B. Shoemaker, Modesto, 
Calif. Snyonym Spotted Red Indian. 
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Bayou Cuico, No. 158 


Plant short trailing, height 70-72 em, nodes 19-20. Leaves and stems green 
throughout. Leaves small, short pointed. Flowers white. Mature pods not 
colored, papery in texture, curved, length 9.025, width 0.888 em. Seeds per pod 
5.2. Apex abrupt. Spur marginal, curved, length 0.933 em. Dry seeds reni- 
form, length 1.083, width 0.674, thickness 0.471 em. Thickness 0.697 of width. 
4,616 seeds per 1,000 g. Color raw sienna (12, p. 329-1, 2). No eye marking. 
(Figs. 24-68; 32-4.) Medium early, medium productivity, highly susceptible 
to anthracnose. From Arizona Agricultural Experiment Station, Tucson, Ariz., 
and Germaine Seed Co., Los Angeles, Calif. 


Bayou GRANDE, No. 159 


Plant short trailing, height 45-50 em, nodes 10-11. Leaves and stems green 
throughout. Leaves large, highly pubescent, blunt pointed. Flowers, standard 
lilae (12, p. 176-3, 4), wings lilae (12, p. 176-1, 2). Mature pods often splashed 
red, wrinkled surface, curved, length 11.40, width 0.960 em. Seeds per pod 4.9. 
Apex abrupt. Spur marginal, straight, length 0.806 em. Dry seeds reniform, 
length 1.323, width 0.804, thickness 0.768 em. Thickness 0.768 of width. 2,272 
seeds per 1,000 g. Color pale pink (12, p. 135-2), eve Roman ocher (12, p. 
327), with snuff brown (12, p. 303) hilum ring. Seed color changes to yellow and 
brown with age or exposure. (Figs. 24-69; 32-5.) Very late, low productivity, 
susceptible to anthracnose. Not adapted to north central United States. From 
Germaine Seed Co., Los Angeles, Calif. 


Pink, No. 160 


Plant short trailing, height 45-50 em, nodes 22. Leaves and stems green 
throughout. Leaves large. Flowers white. Mature pods not colored, curved, 
flat, length 8.862, width 1.060 em. Seeds per pod 5.2. Apex abrupt. Spur 
marginal, curved, length 0.804 em. Dry seeds reniform; length 1.222, width 
0.746, thickness 0.550 em. Thickness 0.737 of width; 4,854 seeds per 1,000 g. 
Color hydrangea pink (12, p. 132). Not distinctly eyed. (Fig. 25-79.) Very 
late, susceptible to anthracnose and bean rust. Not adapted to north central 
United States. From Germaine Seed Co., Los Angeles, Calif. 


Witp Goosg, No. 121 


Plant short trailing, height 60-65 cm, nodes 16-17. Leaves dark green, 
medium size, blunt pointed. Stems with considerable purple color. Flowers, 
standard magenta (12, p. 182-2), wings reddish violet (12 p. 180-1). Mature 
pods splashed purple, medium texture, straight, round, length 7.958, width 0.977 
em. Seeds per pod 5.4. Apex abrupt. Spur marginal, curved, length 0.780 
em. Dry seeds not reniform, truncated, length 0.874, width 0.661, thickness 
0.502 em. Thickness 0.759 of width. 5,090 seeds per 1,000 g. Color flesh 
(12, p. 67-1) mottled sepia (12, p. 300), not distinctly eyed. (Figs. 24-70; 
32-6.) Late, prcductive, resistant to anthracnose and blight. Selected out of 
Garaypata. Seed obtained as a mixture in Garaypata and later without admix- 
ture under the name given. 


IMPROVED YELLOW Eye, No. 120 


Plants short trailing, height 75-80 cm, nodes 11-12. Mature pods curved, 
length 9.764, width 1.028 em. Seeds per pod 4.8. Spur not marginal, curved, 
length 1.021 em. Dry seeds, length 1.133, width 0.737, thickness 0.634 cm. 
Thickness 0.860 of width. Seeds round; 2,572 seeds per 1,000 g. Color white 
with yellow ocher (12, p. 326-4), pattern around hilum coveriag approximately 
one-third of entire area. Eye snuff brown (12, p. 303) with yellow ocher hilum 
ring. (Figs. 25-75; 32-9.) 


Ruspy Horticutturat Busn, No. 129 


Plant short trailing, similar to Vineless Marrow. Height 75-80 cm, nodes 
11 to 12. Leaves and stems green throughout. Leaves medium size, long 
pointed. Flowers, standard lilac (12, p. 176-3, 4), wings lilac (12, p. 176-1, 2). 
Mature pods splashed red, coarse, slightly curved, length 10.217, width 1.070 
em. Seeds per pcd 3.8. Apex elongated. Spur marginal, curved, length 1.617 
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em. Dry seeds oval, length 1,203, width 0.786, thickness 0.642 em. Thickness 
0.816 of width. 2,281 seeds per 1,000 g. Color flesh (12, p. 139-1) with large 
irregular splashes of garnet brown (12, p. 164-4), eve Roman ocher (12, p. 327 

No distinct hilum tring. (Figs. 25-76; 32-10.) Medium early, productive, 
susceptible to anthracnose, resistaat to blight. From Northrup, King & Co., 


Minneapolis, Minn. 
DISCUSSION 


In Table 5 are listed the 43 named varieties and 22 selections of field beans 
that have been distinguished and classified. Of these, 20 named varieties and 
10 selections have white seeds and 23 named varieties and 13 selections have 
colored seeds. 

From the large collection grown it was possible to identify practically all of 
the field varieties of common beans previously classified and described. Distinct 
varieties not previously classified and described have been given the names 
under which they occurred most frequently. Great Northern and Arikara 
Yellow are the most important of these and Zebra another, probably somewhat 
less important. One new variety which has several characteristics that may 
make it valuable in some of the field-bean-growing districts was selected out of 
the variety Garaypata. It was later obtained in pure form under the name 
Wild Goose. 

In making up the key to the varieties and selections, morphological charac- 
ters that are stable under varying conditions were employed as far as possible. 
Therefore the key should be useful in identifying varieties within narrow limits 
under widely different environments. 

Yield data have been secured for practically all the named varieties and for 
many of the selections. These data have not been used in the classification but 
serve to indicate the value of the varieties and selections under the environmental 
conditions prevailing during the seasons in which they were grown. 


TABLE 5.—Indezx to varieties of field beans 


Minne- Illustrations of— 
sota Descrip- 


Variety name bin tion page — - 
be ng No. Seeds Pods 
Figure Fiaure 
Arikara Yellow 4 <b tit>ntintenewen 117 45 24-60 3l- 7 
Bayou Chico paiaaaien 158 47 24-68 32- 4 
Bayou Grande 2 = 159 42 24-49 32 5 
Black Turtle Soup ‘ ‘ 118 46 24-61 31 8 
Blue Pod . : 102 42 24-44 29-9, 10 
Brown Norwegian ‘ oa 133 43 24-49 30- 5 
Selection __ “ 140 43 24-48 30- 4 
Do aeale . 150 43 24-50 30- 6 
Do a 141 43 24-51 30- 7 
Do 161 43 24-52 30- 8 
Brown Swedish > 144 44 24-55 31 2 
Selection ; 135 44 24-56 31 3 
Do . 145 44 24-57 3l- 4 
Burlingame 80 40 23-26 27- 10 
Selection . 154 40 23-28 2R- 2 
California Wonder ; 91 40 23-24 27 8 
China Red Eye 151 44 24-58 31 5 
Dark Red Kidney 149 42 
Emperor of Russia 132 43 : 
Eureka = 130 44 31 ] 
French Dwarf Kidney 115 29 2- 4 
French Dwarf Rice ; = _ io 29- 6 
French White . Os 40 28 6 
Garaypata 127 46 32- 3 
Great Northern ‘ 78 30 27- 1 
Selection 97 32 27. 2 
Do 85 32 27 3 
Hansen P 122 46 32- 1 
Selection 142 45 31- 9 
Do 148 46 32- 2 
Haricot _ 103 29 26- 7 
Selection 162 29 2- «= 8 
Hidatsa Red . 131 45 32- 7 
Selection rl . & ak 128 45 init 
Do is 147 45 32- s 
Improved Goddard ‘ ‘ 139 43 30- «3 
Improved Yellow Eye Bee 120 47 32- 9 
Lady Washington eo 82 32 27- 4 





Selection 
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) TABLE 5.—Indea to varieties of field beans—Continued 
:' Minne- Illustrations of— 
sota Descrin- 
, Variety name variety I 
. tion page 
or selec- Seed P 
tion No. Seeds ods 
; é Figure Figure 
| Long Yellow ; : sinieaciied 124 42 24-46 30- 2 
' Mot ‘tled Red Indian ne 157 46 24-67 P 
, Navy Pea....-. ‘ : 94 41 24-36 yp 1 
Selection - 2 111 42 24-43 29- 8 
Do... ‘ 112 42 24-42 29- 7 
Old-Fashioned Yellow Eye__-_. 125 44 24-59 3l- 6 
Pearce Improved 70 40 23-25 27- 9 
; — appspimbeaiarl ki 83 32 23-22 a 
Pink_- . 160 47 25-79 
' Red Kidney ; 116 42 24-45 | 306 1 
Selection _. aie é 123 42 
Robust - - - 76 41 29- 5 
Ruby Horticultural Bush 129 47 32- 10 
Selection... ..-- P 156 43 30- «9 
: is 90 29 26 6 
Snowflake... _- sigtcneties 3 i 75 4| 29- 2 
Selection y i 152 41 | 2- «3 
Vineless Marrow 79 41 23- 9 
White Kidney 104 29 26- =5 
: White Marrow. 87 41 28- 7 
Selection___- 100 41 2- 8 
White Wonder 92 40 28- 5 
Selection -- -- ; 81 40 28 4 
Wild Goose - .- ‘ . 121 47 32- 6 
Wolverine (see Snowflake) - - - 110 29 4 
Yankee Winter aeaaneadall 107 32 27 7 
Zebra.._... euee 126 46 31- 10 
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THE INFLUENCE OF CERTAIN BALANCED RATIONS ON 
ite waee AND PHYSICAL PROPERTIES OF 
1 


By O. R. OveRMAN, Assistant Chief in Dairy Chemistry, and O. F. Garrett, 
First Assistant in Dairy Chemistry, Department of Dairy Husbandry, Illinois 
Agricultural Experiment Station 


INTRODUCTION 


Many results are given in the literature dealing with milk fat 
which show the effects of different feeds for dairy cows upon the 
milk fat produced. Amberger (/)* found that the feeding of beets 
caused an appreciable lowering of the iodine number and an increase 
in the Reichert-Meissl and Polenske numbers. When sucrose was 
substituted for the beets the changes were similar in direction but 
not so great. Amberger also found that when malt germs were 
fed, the Reichert-Meiss] number was reduced from 25.48 to 16.70 
and the iodine number was increased from 32.1 to 39.2. Siegfeld 
(14, 15), Fritzsche (8), and Luhrig, Hepner, and Blau (13), studied 
the influence of beet leaves and tops on the composition of milk 
fat. Their results showed that the Reichert-Meissl, Polenske, 
and saponification numbers of the fat were increased while the 
iodine number and the index of refraction were lowered. Zaitschek 
(17) found that cows on a turnip ration produced fat having higher 
Reichert-Meiss| and saponification numbers than when on dry 
feed, and that potatoes acted similarly to turnips. Boes and 
Weyland (4) fed a ration of sugar beets exclusively. The fat 
produced gave the following results: Reichert-Meiss| number 28.16, 
Polenske number 6.16, saponification number 234.2, and iodine num- 
ber 24.22. Kieferle (10) showed that the feeding of silage gave a 
considerable increase in the Reichert-Meiss! number and a slightly 
higher Polenske number. 

Lindsey, Holland, and Smith (/2) state that soybean meal caused 
no marked difference in milk fat except a slight increase in the un- 
saturated acids. Soybean oil, however, caused the saponification 
number to drop from 231.59 to 221.65, and the Reichert-Meissl from 
27.05 to 23.27. Theiodine number on the other hand increased from 
31.90 to 40.25. Cranfield (5) worked with coconut cake and linseed 
cake and Cranfield and Taylor (6) with linseed cake and hempseed 
cake. They showed that when cows were removed from poor pasture 
to well-balanced rations containing these products a considerable 
rise in the Reichert-Meissl, Kirschner, and Polenske numbers and 
a fall in the index of refraction occurred. Smith, Wells, and Ewing (16) 
report that the feeding of cottonseed oil lowered the saponification 
number and the soluble fatty acids and increased the insoluble fatty 
acids. Eckles and Palmer (7) showed that cottonseed products in 
the ration decreased the saponification and Reichert-Meissl numbers 


1 Received for publication July 10, 1931; issued August, 1932. Presented before the Division of Agri- 
cultural and Food Chemistry at the eighty-first meeting of the American Chemical Society, Indianapolis, 
Ind., Mar, 30 to Apr. 3, 1931. 

2 Reference is made by number (italic), to Literature Cited, p. 57. 
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and increased the iodine number, while Geisler (9) states that cotton- 
seed feeding gave higher Reichert-Meissl and iodine numbers and a 
lower Polenske number. 

It should be noted that much of the work reported on the effects 
of feeds upon milk fat has dealt with rations which may be considered 
abnormal in some respect. For example, rations made up solely of 
sugar beets, silage, etc., and those to which appreciable amounts of 
oil, such as cottonseed or soybean oil, have been added are not typical 
rations for the dairy herd. 

The purpose of this investigation was to study the effect on milk 
fat of different grain mixtures each of which was a normal balanced 
feed. 

GENERAL PLAN OF THE WORK 


Three groups of cows were selected, each group producing about 
200 pounds of milk daily. These groups were made up as shown in 
by 

able 1. 


TaBLE 1.—Breed, age, calving, and milk-production data for cows in the various 
groups 


GROUP 1 


A pproxi- 


Age on Date of last mil 

Animal No Breed a calving daily on 

oe Nov. 1, 

1930 

Y. M. D. 1930 Pounds 

370 Holstein 6 6 15 | Jan. 18 35 
355 do 6 3 27 | Aug. 21 46 
403 do 4 9 13) May 27 45 
406 do 4 4 15) Oct. 18 45 
428 do_. 210 15) Mar. 18_. 32 

GROUP 2 
$23 Holstein 3 5 15) Oct. 23 45 
431 do. 2 11 #18)| Apr.5 28 
432 do 2 9 28] Apr. 10 25 
437 do 2 9 25) Junes 37 
438 do 2 9 7| June 14 30 
440) do 2 7 28| July 24 33 
442 do 2 0 13) July 13 18 
GROUP 3 

395 Brown Swiss 8 1 15| May5 34 
408 Jersey 3 11 26) Apr. 2 20 
412 Guernsey - 6 10 7) Aug. 1 25 
416 Ayrshire. - 3 5 27) Aug. 14 28 
436 Jersey 2 9 17 Apr. 29 18 
439 Brown Swiss 2 11 28) June 15 22 
443° Cruernsey 2 5 21) Sept. 18 15 
444° Ayrshire - 2 6 23 Oct. 18. 25 


* Nos. 443 and 444 were dropped from the experiment Dec. 4, 1930, because of the development of a bad 
flavor in the milk, 

Special grain mixtures were made up so that about 50 per cent 
of the total protein of the mixture was supplied by a high protein 
feed. Otherwise, each mixture was the same except for a small 
difference in the percentage of corn. The three special mixtures 
used were as follows: 





i Za 
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Special herd mixture A 


Per cent Per cent 
Cottonseed meal, 43 per cent. 19 | Molasses - - - ; : 7.5 
Corn, ground ‘ 21 | Bone meal : : 1 


a: nee 15 | Salt__- “ 1.5 
Oats, ground____-_- : 20 — 
Wheat, ground_ ae a 15 100. 0 
Special herd mixture B 
Per cent Per cent 
Linseed meal___ 24 | Molasses - - - - p 7. § 
Corn, ground__- : ‘ 16 | Bone meal_-_-_-- 1 
Barley, ground _. 4 = 15 | Salt__- P ae 1.5 
Oats, ground_-- 20 ——— 
Wheat, ground __- : 15 100. 0 
Special herd mixture C 
Per cent Per cent 
Soybeans (seed), ground_- - : 23 | Molasses - - - - os - woe 
Corn. ground.........-. , 17 | Bone meal- : 1 
Barley, ground - . eesoyeee es 15 | Galt...< 1.5 
Oats, ground__-_ ‘i 20 - - 
Wheat, ground ae 15 100. 0 


These mixtures were prepared by a commercial feed manufacturer 
according to formulas furnished to him. The percentages of total 
protein were calculated to be: A, 16.65; B, 16.16; and C, 16.38. 

The formula for the regular herd mixture is: 


Per cent Per cen 
Barley 20 Soybean meal_ ee 5 
Corn : 7.5 | Wheat- --- 5 
Corn gluten feed ° 15 Wheat bran 15 
Cottonseed meal 5 Bone meal 1 
Molasses - - - — Salt _- 1. 5 
Oats_. . wack tae 


This mixture contained a total protein content of 16.04 per cent. 

The grain mixtures were fed in the approximate proprotion of 
pound of the mixture for each 3 pounds of milk produced. Corn 
silage and good quality alfalfa hay were fed liberally throughout the 
experiment. There was no pasture or feed in the yard. 

The experimental feeding was arranged as shown in Table 2 


— 


TABLE 2.—Arrangement of experimental periods and grain mixtures fed 


Period Date 


Grain mixtures fed ¢ 
Preliminary... = Nov. 1-7, 1930 ann ...-- Regular herd mixture. 
l'ransition..........| Nov. 8-14, 1930 . Gradual change to special mixtures 
First _- oan Nov. 15-Dec. 12, 1930 Mixtures A, B, and C, 
rransition..........| Dec. 13-19, 1930_.._. ER Mixtures A, B, and C gradually interchanged. 
OS SOS Dec. 20, 1930-Jan. 9, 1931 Mixtures A, B, and C, 
'ransition- ... Jan. 10-16, 1931 _— Mixtures A, B, and C gradually interchanged. 
Third_.............-.| Jan. 17-30, 1931 ane Mixtures A, B, and C 
rransition -...-- 5 Jan. 31-Feb. 12, 1931 s Gradual change to regular herd mixture 
Fourth_. “ .| Feb. 12, 1931, to end of experi- Regular herd mixture. 

ment. 


2 Special mixtures A, B, and C were fed to the three groups of cows as follows: 


First Second Third 


period period period 
Group 1 jens A Cc B 
Group 2. . pare woud C B 


Group 3 - B A C 
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The milk produced by each group of cows was kept separate on 


certain days during each period of the experiment. Each lot of milk 
was separated with a centrifugal separator, the cream was churned, 
and the butter was subjected to laboratory examination. 


LABORATORY PROCEDURE 


Each lot of butter was melted on a warm water bath and after the 
water had separated by gravity the fat was decanted and filtered. 
The determinations reported in this paper are: (1) Index of refrac- 
tion (a Zeiss butyro-refractometer was used); (2) iodine absorption 
number (Hanus method); (3) saponification number (Koettstorfer 
number); (4) soluble acids; (5) insoluble acids (Hehner number); 
(6) Soluble volatile acids (Reichert-Meiss! number); (7) insoluble 
volatile acids (Polenske number); (8) Jensen-Kirschner number (de- 
termined by the method described by Leach (1/1, p. 501)); (9) free 
fatty acids; and (10) mean molecular weight.® 

All determinations except where otherwise noted were made by 
official methods of analysis of the Association of Official Agricultural 
Chemists (2). 































TABLE 3.—Results of the examination of the milk fats produced by the three groups 
of cows on various rations 
GROUP 1 
. : Zz isis E 
z sis 3s 14/3 = 
Ss |f/]en/2/*8\se!/ 5) ee 2. 
= | 2/88/23) .3/28| 2/23) 2 \se 
Date Period Ration S SiS6/ S/SFl eel] o lee] 2/2 
b= Biss | oe /Ss os|e% i e3/8 2 
2 2 Salis lasica| 3) 8a|4/_* 
igi: s\s4\s §/\3 @ | 2 
‘3S z 2 iol sm 2 i + iZzic 
= = nN | Die & mie mie 
1930 
| 
Nov. 7. Preliminary Regular-_- 1. 4594/33. 38/234, 3515. 04 79. 48 30. 74/2. 70/25. 48 0. 40/239, 4 
Nov. 15 Transition - on ar to A- 1. 4592/31. 06/234. 91 7\87. 80 29. 00/2. 58,24. 06) . 37 240.0 
Nov. 24__.! First 1. 4592/31. 02/235, 32/4. 60/83. 06 30. 54/3. 00 26. 29) . 54 238. 2 
Nov. 29 do... A iia 1. 4501/32. 09/236. 62/4. 32/81. 03 31. 58/2. 99/27. 08) . 42/237. 1 
|} eee , 1, 4588)30. 30/236. 84/3. 68|77. 88 26, 99/3. 02/21. 70|1. 47/236. 9 
Dee. 11 ins | 1! 4592/32. 70\234. 27/4. 14)75. 75 31, 44/2. 82/25. 92) . 59/222. 6 
Dec. 18 yy ransition A to ¢ 1, 4595)33. 60/235. 70/5. 20|77. 22 31, 26)2. 2226. 33) . 59/238. 0 
Dee. 26 Second - _: 1. 4593/33. 08/236. 14/4. 72/81. 65 31. 36/2. 93'29. 08) . 66/237. 6 
| 
1931 | 
| 
Jan. 2 awe do a 1, 4601/38. 57'!234. 26/4. 89!86. 88 30. 94'1. 79 26. 66'1. 01 239, 5 
Jan.7 --do. C... 1. 4600/36. 46'229. 94/4. 08 83. 12 30. 40 2.42 24.78 . 63 244.0 
Jan. 16 Transition C to B. 1. 4597 (35. 28/235. 90/4. 94 78. 69 30. 61/2. 67:26. 26 1. 07 237. 8 
Jan. 25 Third... as 1. 4600|36. 40/236, 24/3. 16/86. 60 25. 96/2. 26 20. 90 1. 60 237.5 
Sh ES Pe do es \1. 4597/34. 28/231. 16|3. 42 88. 41 28. 18 2. 59 24. 42:1. 01 242.7 
Feb. 19 Transition B to regular-__- 1. 4594) 32. 84 237. 01/3. 72 84. 61 31. 02,2. 68 24. 56 1. 02/236. 7 
Feb. 25 Fourth... Regular -- 1. 4594'32. 41/236. 75/4. 51 86. 34 31. 22:2. 83 27. 05.2. 12 237.0 
Mar. 3 do. ..do- 1 4800 31. 20 236. 49/4. 28 82. 80 30, 82/2. 88 26. 34 1. 12 237. 2 
7 | 
GROUP 2 
aan —- — 
1930 | 
Nov. 7 Preliminary - Regular. -- 1. 4598/34. 96/233. 84.5. 62 80. 78)32. 89 2. 2324. 88/0. 35239. 3 
Nov. 15 ..| Transition - - Regular to C 1. 4599/35. 52 231. 84 5. 22 84. 04 31.3 8 2. 1825, 99 - 33242. 0 
Nov. 24. First ane 1. 4599/38. 12/2: 2 
Nov. 29. .do .. 1. 4599/36. .4 
Dee. 7 - do Cc 1. 4598/36. \3 74 80. 5028.7 .6 Ly 
Dee. 11 ..do Cc. 1. 4601/37. 46) . 70)3. 88 74. 76/30. 02 2825. 10} . 63227.0 
Dee. 18 Transition - CtoB 1. 4598/35. 94/233. 20/4. 79. 32/31. 36 2. 1325, - . 6 
Dee. 26 Second ---- See 1. 4597/35. 52/235. 94/4. 66/83. 86/31. 44 2. 8327. 7.8 
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TABLE 3.—Results of the examination of the milk fats produced by the three groups 
of cows on various rations—Continued 


GROUP 2—Continued 


















a 4 — a 
So BEi2 |2\8 | als 
a=) Cy 25/2 i sgié zis 
s |e ei 2)*bise| 5 (Sei eis 
> | 8/22) 3)e8/%5| 8 |82| * \se 
Date Period Ration £ 2 Se 8 28 SBleolxe| 2 aS 
= Pa) 2\i22\ oO5)| ‘sis . 
9 1 e|S5aia|Saiaa| 3\ga|\4ing* 
Elizia |B/Ssi2 |8\2 | sls 
- S ) cleazis Sie m lo 
= = | @ TD lm | oa ie mnie 
1931 
Jan. 2... i eae B 1. 4597\35. 21/234. 38/4. 69/82. 95/29. 78/2. 06/25. 72) . 59/239, 4 
Jan. 7... ee EE ae 1. 4598 35, 77/231. 24/4. 24.81. 49/29. 84/2. 54/24. 14) . 64/242. 6 
Jan. 16-- Transition BtoA 1. 4598 34. 04/234. 29/4. 87/79. 62/30. 63/3. 10/25. 18)1. 01/239. 5 
Jan. 25 Third.-- cai 1. 4602/36. 15/230. 70/4. 01/84. 23/27. 01/2. 10/21. 90/1. 48/243. 2 
Feb. 2__- eS icedek : 1. 4598/33. 46/231. 18/3. 87/87. 33/29. 98/2. 46/25. 52) . 94/242. 7 
Feb. 19..__. Transition A to regular. . 1. 4594 32. 84/236. 84/4. 46/86. 10/31. 42/2. 52/25, 82) . 94/236. 9 
Feb. 25....| Fourth-- Regular -- 1. 4594/32. 40/235. 56/4. 29/85. 92/30. 00/2. 80/25. 77/2. 13/238, 2 
Mar. 3. do.__. ae Ae 1. 4592/32. 64/235. 10/4. 33/84. 76)31. 50/2. 78/27. 70) . 95/238. 6 
GROUP 3 
1930 
Nov. 7_... Preliminary -- Regular -_-- ._--|1, 4591/29, 72 237. 21/6. 85/84. 67/28. 72 3. 16/21. 82\0. 32/236. 5 
Nov. 15_.. Transition ---- Regular to B ..1, 4589 32. 13 235, 36/5. 66/82. 23 31. 96 2. 93'23. 58) . 43/237. 7 
Nov. 24 First Pe tee ./1. 4590 31. 32 241. 05/4. 92/83. 10:30. 60 3. 20 24. 98) . 32 232. 8 
Nov. 29 a ie 1. 4590 30. 93 238. 26/4. 02/80. 42 30. 30 3. 07/27. 48) . 45 235. 5 
Dec. 7_- a B 1. 4587 32. 26 236. 58/5. 01/82. 16 30. 62 2. 55 24. 31| . 96 237.1 
Dee. 11.--- B .-|1. 4588 29, 34 236. 72/4. 66/80. 68 28. 78 2. 9424. 70) . 68/237. 1 
Dee. 18..... Transition BtoA .. 1. 4591 30. 04 236. 46/4. 62/83. 87 29. 60 3. 28 24. 64) . 48 237.2 
Dee. 26_- Second. nen » .-|1. 459130. 89 236. 96/4. 38 81. 43 30. 32 3. 43 26. 56) . 82 236. 8 
1931 
Jan. 2... . Se | .-| 1, 4591 31. 54 235. 06/4. 28/84. 02 29. 50 2. 37/25. 42) . 78 238.7 
Jan. 7 b , == A 1. 4591/29. 72 233. 94/4. 16 81. 83'29. 79 3. 02/23. 82) . 40/239. 8 
Jan. 16_... Transition AtoC.. 1. 4595 34. 50 234. 47/4. 68/82. 28 30. 32 2. 55 25. 52/1. 04'239, 3 
Jan. 25 Third__--- _ SESS _.|1. 4598 34. 48 233, 82/4. 53/83. 74 29. 50 2. 52/22. 90)1. 59/239, 9 
Feb. 2 a Cone — .-|1. 4595 34. 11 231. 60'3. 85 87. 32 31. 04 2. 32'27. 00) . 40 242.2 
Feb. 19. Transition C to regular 1. 4591 31. 00 238. 02/4. 1684. 36:31. 49 2. 68'24, 48/1. 32/235, 7 
Feb. 25..... Fourth---- Regular ------ ..|1. 4592 32. 18 237. 33/4. 94/85. 18 32. 50 2. 88'27. 26) . 60/236. 4 
96 238, 4 


Mar. 3... — do . ..|1, 4592 31, 22 235. 38/4. 37 84. 04 30. 96 2. 2 ts 86) . 


RESULTS 


The results of the determinations on each sample are given in 
Table 3. In each case the data are placed in the same line with the 
type of ration which was being fed when the sample was taken. 

Table 4 gives the average values for the milk fats produced by 
each of the three groups of cows that were being fed each of the four 
grain mixtures and also the average values for all the samples taken 
from all groups of cows while on each of the four grain mixtures. 

A study of the tabulated data shows no very great differences in 
the values found for the individual samples of fat produced during the 
feeding of the different grain mixtures. In many cases the fluctuations 
between individual samples produced while one mixture was being fed 
were greater than those between other samples produced during the 
feeding of different mixtures. However, an inspection of the average 
values shows certain rather definite tendencies. The averages for 


3 The mean molecular weight of the fat was computed by the use of the formula: Mean molecular 
™6 - . ‘ ‘ 
weight= Lu me » in which W=weight of fat used and y=ml of N/2 KOH used in the saponification, by 


Bolton (3, p. 56) 
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all samples (Table 4) show that the fat produced while the cows 
were on ration C containing ground soybeans has a higher index of 
refraction and iodine absorption number and a slightly higher mean 
molecular weight, but a lower saponification number and a lower 
Polenske number, than the fats produced during the feeding of the 
three other grain mixtures. These tendencies are in most cases 
apparent in the averages for the three groups of cows but are not so 
distinctly evident. 


TABLE 4.—Average values for the milk fats produced by the three groups of cows, and 
by all the cows, on various rations 


GROUP 1 











Insol- 
% : uble | Reich- . Jensen- = 
Refrac- | lodine flontion Soluble) 2cids ert- 2 a Kirsch-| Free = 
Ration tive num- nae "aahla (Heh- | Meissl oe ner fatty ular 
Index ber om : ner | num- hes num- | acids weight 
num- ber ber B 
ber) 
Regular 1, 4593 32.33 | 235.86 4.61 82. 87 30. 93 2. 80 26. 29 1. 21 237.9 
A 1. 4591 31.28 | 2 4.18 79.43 | 30.14 2. 96 25. 25 . 76 233.7 
B 1. 45985 35. 34 | 233.70 3. 29 87. 50 27. 07 2. 42 22. 66 1.30 240. 1 
Cc 1. 4598 36.04 | 233.45 4.56 | 82.88 | 30.90 2. 38 26. 84 77 240. 4 
GROUP 2 
Regular 1.4595 | 33.33 | 234.83 4.75 | 83.82 | 31.46 2.60 | 26.12 1.14 238. 7 
A 1.4600 | 34.80 | 230.94 3.94 | 85.78 | 28.50 2.28 | 23.71 1.21 243. 0 
B 1. 4597 35. 50 | 233.85 4.53 82.77 30. 35 2. 48 25. 90 5S 239.9 
C 1. 4599 37.18 | 233.17 4.33 79. 89 29. 98 2. 20 25. 42 54 236.3 
GROUP 3 
Regular 1.4592 | 31.04 | 236.64 84. 63 30. 73 2.89 0. 63 237. 1 
A 1. 4591 30.72 | 235.32 82. 43 29. 87 2. 94 67 238. 4 
B 1. 4589 30.96 | 238.15 81.59 30. O7 2. 94 60 235. € 
Cc 1. 4596 34.30 | 232.71 85. 53 30. 27 2. 42 1.00 241.0 
ALL COWS 
Regular 1.4593 | 32.23 4.91 | 83.77) 31.04 2.77 25. 80 0.99 
A 1. 4593 31. 98 4.16 81.84 <9. 63 2. 80 24. 91 83 
B 1. 4593 33.45 4.31 83. 30 29. 50 2. 67 24. 04 75 
Cc 1.4598 | 36.16 | 233.16 4.38 | 82.48 | 30.35 2.31 25. 79 on 





SUMMARY AND CONCLUSIONS 


The milk fat produced by three groups of cows during the feeding 
of different grain mixtures has been studied. The conclusions that 
may be drawn from this work are: 

Milk fats produced during the feeding of grain mixtures so pre- 
pared that approximately half the protein content is supplied by 
(1) cottonseed meal, (2) linseed meal, and (3) ground soybeans differ 
to some extent in some of their physical and chemical characteristics. 

Milk fats produced during the feeding of a grain mixture so pre- 
pared that half its protein is from ground soybeans, show on an aver- 
age a higher index of refraction and iodine number, slightly higher 
mean molecular weight, and lower saponification and Polenske num- 
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s bers than those produced during the feeding of the other grain 
mixtures used in this work. 
The differences between the fats produced by cows fed the grain 
‘ mixtures used in this investigation do not appear to be large enough 
to be of other than scientific interest. 
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THE MIGRATION OF BACILLUS AMYLOVORUS IN THE 
TISSUE OF THE QUINCE! 


By Herpert A. Want ? 


Instructor in Botany, Pennsylvania Agricultural Experiment Station 
HISTORICAL REVIEW 


The fire-blight organism, Bacillus amylovorus (Burr.) Trev., is of 
considerable economic importance because of the disease it produces 
on three A study of the compara- 
tive cytological reactions of host and parasite for these three species 
is of particular biological interest. 

Nixon (5, p. 9)° first described the annual life cycle of Bacillus 
amylovorus in apple tissue. According to this author, the life cycle 
consists of two stages. The first stage is characterized by the for- 
mation of zoogloeae in which the bacteria migrate intercellularly, with 
the formation of schizogenous cavities “‘by toxic plasmolysis and 
crushing.”” The regions invaded by the bacteria during this stage 
are described as follows: 





* * * the “optimum path” of migration is confined to the intercellular 
spaces of a zone of cells in the inner cortex * * *. From the “optimum 
region”’ the invasion of adjacent, less favorable tissues, may follow * * 
The last tissues to be invaded are the cambium, the xylem and pith, and these 
are rarely seriously attacked. 

In the second or “‘ pseudo-fructification”’ stage the bacteria become 
smaller and invade the cells by dissolving the cell wall, thus forming 
lysigenous cavities. The second stage culminates in the formation 
of cysts within the cells, in which condition the organism passes the 
winter. 

Haber (2, p. 10) found that under artificial conditions young apple 
leaves may be the portal of infection; that the bacteria migrate in 
the form of zoogloeae in the intercellular spaces of the vein parenchyma 
and spongy mesophyll of the leaf, and that death of the tissues is 
caused by “‘plasmolysis of the protoplast, the collapse of cell walls, 
and the separation of contiguous cell walls to form schizogenous 
cavities.” 

The results of Gibbons’s‘ investigation concerning the invasion 
of the organism and its effect on the host tissue in pear paralleled 
Nixon’s results with apple. Tullis (7) also corroborated Nixon’s 
work as to the general features of the migration of the organism. 

Rosen (6), in studying the invasion of the floral structures and 
petioles of pear and the stems of apple and pear, also reported migra- 
tion as taking place in the spaces between the cortical cells. The 
middle lamellae and the cell walls of these cells are broken apart by 
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chemical dissolution with no signs of pressure observable on the cells. 
This dissolution is noted as occurring ahead of the invading mass of 
bacteria. The movement of the mass of bacteria in the intercellular 
spaces is considered ‘‘a passive one engendered by the accretion of 
great numbers of bacteria rather than an active pseudopodlike move- 
ment * * *.” Rosen reports that all the stem tissues are later 
invaded and that death of the host is attributable to the formation 
of cavities by dissolution, particularly in the phloem and cambium, 
rather than to toxic products secreted by the pathogene. 

A review of the literature reveals no reference to any microscopic 
studies of the invasion of the tissues of the quince (Cydonia vulgaris 
Pers.) by this organism. 

METHODS 


The research presented in this paper was begun at the Pennsylvania 
State College in the spring of 1925, when a series of inoculations was 
made on young quince trees growing in the college greenhouse. <A 
pure culture of Bacillus amylovorus had been secured previously by 
isolating the bacteria from blight cankers that had been brought 
into the laboratory and kept in a moist chamber until the gummy 
exudate characteristic of this organism appeared. The culture was 
grown on Lima bean agar and its pathogenicity proved by inocula- 
tion of quince trees and reisolation of the organism. Inoculations 
were made with a sharp laboratory needle introduced at the growing 
tip of the twig, the puncture being made entirely through the twig. 
Sections were taken after 4, 1, 14, 2, 4, 6, 8, 10, 12, 16, 18, 24, and 
48 hours, fixed in Flemming’s weak solution, and embedded in paraffin 
by the usual method. In the spring of 1927 a duplicate series of 
inoculations was made on quince trees growing in the college orchard. 
The method of inoculating and embedding was the same as that used 
in the earlier experiments except that sections were taken up to 142 
hours after inoculation and were fixed in Flemming’s weak, Petrunke- 
vitch’s, and alcohol-formalin-acetic fixing fluids. Sections were cut 
9u to lly thick and stained with Flemming’s triple stain. 


OBSERVATIONS 


Microscopic examination of the early stages following inoculation 
showed the bacteria lying along the edge of the puncture, where they 
had multiplied rapidly in the broken remains of the injured cells. 
Invasion of the uninjured tissues was found to have taken place in a 
narrow cylindrical area in the inner cortex extending around the 
stem about 10 cells inward from the epidermis and several cells 
outward from the phloem region. In this area the bacteria were 
found in zoogloeal masses invading the intercellular spaces in all 
directions from the puncture, though more rapidly in a longitudinal 
than in a tangential direction. Radially the intercellular spaces were 
occupied only in a layer three to five cells wide. No invasion beyond 
the puncture was observed one-half hour after inoculation, although 
at that time large masses of bacteria were present in the puncture. 
(Pl. 1, A.) After 4 hours the bacteria had reached a distance of 
about 0.037 mm from the puncture (pl. 1, B), and after 12 hours 
they had reached a distance of 0.5 mm (pl.1,C). At this stage none 
of the cells in the infected area were occupied nor were the cell 
contents in any way injured, except for a slight plasmolysis. 





Migration of Bacillus ancylovorus in the Quince 


























Bacteria in the puncture, one-half hour after inoculation. The broken remains of cells, including 
a xylem vessel, are present. X about 1,750 

Zoogloeal mass formed at edge of puncture invading intercellular spaces of inner cortical region, 
four hours ag! inoculation. X about 1,000. 

Tip of zoogloea, 12 hours after inoculation. X about 1,250. 

Bacteria occupy i a space between cortical cells w a - idence of slight pressure and splitting of 
cell walls, 42 hours after inoculation. X about 1,7! 

The beginning of lysigenous cavity formation by vg dissolution of cell wall and protoplasm. 

The crystal in the cell is not attacked by the bacteria. X 1,000. 











PLATE 2 





in the Quince 


Migration of Bacillus ancvlovorus 






















4.—The formation of a lysigenous cavity by the dissolution of adjacent cortical cells; 110 hours after 
inoculation at a distance of 2.3 em from puncture. XX about 185. 

B An extremely large lysigenous cavity in the cortex; 66 hours after inoculation adjacent to punc- 
ture. All the cortical cells are dead, but there is no noticeable effect on phloem, cambium, 
xylem, or pith cells. X< about 185. 

(.—- Mostly tangential section of cortex showing death to all cells; 142 hours after inoculation adja- 

cent to puncture. X about 185. 
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After 42 hours the bacteria had traveled a distance of about 
1.5 mm from the point of entrance and had formed numerous, though 
not large, schizogenous cavities. (Pl. 1, D). Certain cells were 
split apart at the middle lamella, and the cell walls were slightly 
invaginated. Also, during this time and in the same region, a few 
cells were seen to be entirely filled with bacteria. These cells re- 
tained their normal outline, while the protoplast was not destroyed 
but was pushed to one end of the cell, where it became an almost or 
quite homogeneous mass. Although the complete life cycle of 
Bacillus amylovorus is not being considered here, this condition 
corresponds closely with the early stages shown by Nixon in apple 
in which the bacteria multiply rapidly within the lumen of a cell, 
eventually rounding up to form a cystlike body that is the over- 
wintering form of the organism. 

After a time the organism apparently changes its method of in- 
vasion and migrates without regard for cells or intercellular spaces. 
In this stage cell walls and protoplasts alike succumb to the invading 
horde of bacteria. Cells are entirely broken down, so that no indi- 
cation of their previous existence remains. The bacteria are now 
arranged in thin radiating strands in the lysigenous cavities thus 
formed, their arrangement suggesting that they have utilized the 
cell wall, nucleus, and cytoplasm for food and have thus formed a 
strand of bacteria where once there was a strand of cytoplasm or a 
cell wall. This takes place within 96 hours after inoculation, when 
the bacteria have traveled a distance of 1 to 1.5 em from the puncture, 
and continues until the entire inner cortical region is broken down, 
the cells shrunken, and their protoplasts entirely disorganized. 
(Pls. 1, E, and 2, A, B, C.) This is the condition at 142 hours after 
inoculation, when the invasion has extended longitudinally from the 
puncture at least 5em. Stages later than 142 hours after inoculation 
have not been studied. 

DISCUSSION 


The results secured in the present study agree with those of Nixon 
(5) and Haber (2) in their work with apple and of Gibbons °® with 
pear, thus showing that there is to be found no essential difference in 
method of migration in any of the three economic hosts of this para- 
site. These studies also show essential agreement with the work of 
Hill with Bacterium tumefaciens in tomato (3) and Bact. tabacum in 
tobacco (4) and of Beach with Bact. vignae in Lima bean (1), so far 
as the method of migration of the bacterial pathogene is concerned. 

The zoogloeal mass invaded the tissues at an average rate of 9u per 
hour for the first 4 hours, 42u per hour for the first 12 hours, 36u 
per hour for the first 42 hours, 1564 per hour for the first 96 hours, 
and 352y per hour for 142 hours. These figures represent only one 
to several measurements in each case. Although the figures are 
open to error because of the small number of measurements and 
because of the difficulty of determining the exact extent of the 
invasion, a marked difference in rate is shown between the earlier 
and later stages. Thus, for the 38 hours from the 4 to the 42 hour 
period after inoculation, the average rate of migration was 38u per 
hour. During the next 54 hours the average rate had increased to 


5 Gippons, F. P. Op. cit 
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about 250u per hour, and the average for the next 46 hours was 7614 
per hour. Haber found that the zoogloeae in apple leaves traveled a 
distance of 0.5715 mm in 12 hours and had reached a distance of 1.5 
mm from the puncture after 24 hours. This is an average rate of 
47.6u per hour for the first 12 hours and 62.5 per hour for the first 24 
hours. Nixon reports a migration of 3 or 4 inches in 24 to 48 hours 
after inoculation in apple stems. Four inches in 48 hours represents 
a rate of 2,115u per hour. It would seem desirable that further work 
be done with the different hosts under controlled conditions of tem- 
perature, humidity, age, and rate of growth of host, etc., to determine, 
if possible, the factors responsible for such a wide range in the rate of 
migration. 

Nixon found that the region of intercellular migration in apple may 
extend entirely around the stem and, longitudinally, may involve the 
entire twig and adjacent limb, and under optimum conditions may 
extend several feet. In this study the bacteria were found entering 
the cells of quince within a distance of 1.5 em from the point of 
inoculation, and were not found invading the entire circumference of 
quince stems through the intercellular spaces. 

During this intercellular migration some cells in the path of the 
invading mass of bacteria become separated along the line of the 
middle lamella. How this separation takes place is still problemat- 
ical. Two possibilities, however, present themselves as primary 
factors—either the pressure from the mass of bacteria is great enough 
to separate the cells or some solvent action of the products of the 
organism causes the dissolution of the middle layers of the cell wall. 
Slight evidence of pressure exerted upon the cell is present in the form 
of indentations in the cell wall. (Pl. 1,D.) Since, however, the cells 
all through the region of intercellular migration and schizogenous 
cavity formation are slightly plasmolyzed, it is evident that the cell 
turgor in these cells is quite low or is, perhaps, entirely lacking. Thus 
very little pressure would need to be exerted by the bacterial mass to 
cause invagination of the cell wall. The evidence, then, indicates 
that only a very slight amount of mechanical pressure is exerted by 
the invading mass of bacteria. This leads to the conclusion that the 
cells are split apart by some solvent action of the bacteria. 

Many stages in the dissolution and disorganization of cells resulting 
from bacterial activity were found. Plate 1, E, shows the bacteria 
at work in the destruction of the wall and contents of a single cell. 
In Plate 2, A, may be seen an early stage in the formation of a lysig- 
enous cavity by the breaking down of adjacent cells. Advanced 
stages of these processes are shown in Plate 2, B and C, where exten- 
sive cavities have been formed by the total disintegration of several 
layers of cells in the most susceptible region in the inner cortex. The 
lysigneous cavity thus formed (pl. 2, A) measures 80u by 425u. By 
examining serial sections this cavity was found to extend in a tangen- 
tial direction around the stem at least 150u, each section showing the 
cavity occupied by a mass of bacteria. The preparations contained 
many such cavities, each showing the bacteria in good condition. 
This would seem to contradict the statements of Tullis (7) and Rosen 
(6) as to the inadequacy of stained paraffin sections for preserving the 
correct condition and relation of Bacillus amylovorus and its host. 

There seems to be no reason to doubt that the cell walls and con- 
tents are acted upon by growth products of the bacteria and broken 
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down just as other food materials are broken down by other bacteria. 
The finer details of the dissolution of the host cells and the exact 
nature of the method by which the bacteria produce the dissolution 
are not within the scope of this investigation. Far more important 
are the reasons for the death of all the tissues, even those not directly 
attacked by the organism, by the time the organism has been active 
in the stem for 100 hours. The organism was not found in any tis- 
sues of young quince stems except the narrow cortical region pre- 
viously described. In spite of this, tissues, including phloem, cam- 
bium, and pith, are definitely shown to be dead adjacent to the area 
of cortical invasion. (PI. 2, C.) 

These results are in contrast to those reported by Rosen (6), 
who states that in apple stems ‘“* * * by far the most serious 
effects on the infected twig or limb result * * * from invasion 
of the phloem and cambium. It is the destruction of the latter and 
not the cortex which results in the death of the twig or limb.’”’ Rosen 
states further (6, p. 64) that ‘““* * * the evidence is indeed sub- 
stantial for the assumption that diffusible toxic products are not 
produced by B. amylovorus.’’ If Rosen’s results are correct, then we 
are confronted by the fact that the same organism must operate in 
an entirely different manner to produce the results here recorded for 
quince. Some tissues of quince stems are killed without being invaded 
by the organism. The tissues that are invaded are not those directly 
concerned with either growth or food conduction. The destruction 
of the tissues invaded is not sufficient to explain the death of the 
entire twig. Therefore, the evidence is substantial for assuming that 
diffusible toxic products of Bacillus amylovorus are responsible for the 
death of the stem tissues of quince not invaded by the organism. 


SUMMARY 


Bacillus amylovorus migrates through the intercellular spaces of 
the inner cortex of quince in the form of zoogleae. 

During this invasion schizogenous cavities are produced in quince 
in a manner similar to that previously reported by Nixon in apple. 

Intracellular invasion of the cortex, involving formation of lysige- 
nous cavities, occurs within 96 hours after inoculation. 

Death of all the stem tissues occurs within 100 hours after inter- 
cellular invasion and within 48 hours after intracellular invasion of 
the adjacent cortex, although during this time the organism is present 
only in the cortex. 
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